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. ' SUMMARY

‘The research described in this report centers about the perceptual

- o -

: process of identification and its relation to retardation apd normal
y

: retarded children, normal children or normal ddults. . The capacity to

_identify stimuli which vary in either one, two or three dimen51ons ‘was

st

.

examined fo. retardates and their equal mental age and chronological
age normal controls. Retardates do not perform as well as either
‘normal conrrol group,_demonstrating both an IQ and an MA correlate of
the 1dent1fication process. eAﬂdevelopmental factor was uncovered as
well in that normal 31xth graders outperform normal first graoers.
The primary identification procedure employed was/h delayed match-
to-sample task, This technique minimized verbal responding while still

o

,4perm1tt1ng investigation of the determinants of the stimulis distinc-

tiveness which forms the basis for identification. However, the matchr

to-sample task does difter from the conventional identification or
- Habsolute judgment task in ways other than the presence or absence of

verbal response. The differences among types of identification and

-

the d?scriminative paradigm wexe also investigated The effects\of
(

<

the - various procedures both in normal adults and retarded children.

Differences among the types of judgment appeared to center upon the

"memory demands of each task Indeed great success in increasing the

efficiency of reiardste performance was obtained by fixst presentin‘

. development. Eight experlments are’ reported ‘'using as subjects either .

: dimensional combination and stimulus distinctiveness were similar among
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The eftects of dimensional combination were studied in several
eiperiments. It was repeatedlj demonstrated that multidimensionally
&arying stimuli were easier toridentify than those varying unidif
dénsionally.~ In most studiés multidimensional stimuli were varied in

‘a correlated or redundant fashion, hovever one study convincingly

demonstrated that dimensions combined in an independent or non«

«

redundant fashion were not only as distinctive but even more distinc-

tive than redundant combination.‘

« -

'}g Menory effects were found™ “in all- of the studies in which delay

between stimulus presentatiov snd response was varied. Some evidence:

that these effects were greater for retardates than for normals was

/

uncovered in one st"dy but this was not. the. csse in a second. Memory

-

effects. were further studiEd—with normal adults with the emphasis upon

/;_

the effects of'coding in: short term memory. Explicit coding was not

/"

found to- be effective at very short presentation times: when the code
was in octal form.' However, the coding involved in remembering

word like material as opposed to non-word like material was extremely

- effective at even’ ten milliseconds presentation timGQ‘ Moreover, this

P .,‘

coding was to some _extent, at least, under the subject 8 control as
demonstrated by the effectiveness of instructions to either use or

ignore the word codeo




GENERAL INTRODUCTION

Although there is general'agreement that the retarded child

exhibits behuvioral deficiencies of many kinds, the piecise natLre of
' a

theso deficiencies has not yet emerged from the considerable body of

research on<retardation. Indeed, available evidence does not support

1

qualitative'retardateJnormal differences in such basic functions as

'discrimination (Zeaman and House, 1963), short term memory (Belmont E

and Butterfield Scott and Scott, 1968), long term memory (Belmont,
1966) and sensory a uity (Kodman, 1963).

Of the basic P ychologicallprocesses, those which have been

conventionally labAled‘perceptual have received relatively little

. experimental attention from researchers in the area of retardation

o ,‘

. (Spivaék, 1963), although a few studies in the area of retardate

.Tinggrmation processing have recently become available (Olsen, 1971;

spiéz, 1966; Spitz and BorlandJ 1971).

Our basic approach is to view the retardate as ‘an information
~\:l_,

[P PR

processing system (Miller, 1956; Fitts andeosner 1967) and to examine.‘
\\

TN
hlS channel capacities as compared to both MA and" CA normal controls.

Both cA athMA controls are'included because.nut only is information
. . ) . - .
: . T < o
concerning retardate perceptual capacity scarce, bpt develcpmental

changes in such capacities remain' unknown.

"To attack'all problems that might fall under the heading of "per=

- ceptual'capacity' and "perceptual prOCess\ would. be unwieldly and
\
'impractical. As ia the case in any Aesearch strategy, a judicious

ﬁselection of problems must’be made.‘ e have chosen the recognition

1

fuor identification process as a focal int of our project. In the

-

most general tarms we ha\ae sought to ur\cover the developmental and
N ~ . e l ' . ’

o 7 Coa R _'»3- . . s
. -, v . ! N W oo R
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~intellectual- correlates of the perceptual mechaniSms which iead to.

/\/' * ! ‘
———-8timilus distinctiveness. By distinctiveness we refer to those stimulus

characteristics which determine the ability to identify or recognize a
¢

given object. The reasons for choosing identification are compelling
~tous: 1) it is unquestionably a very fundamsntal‘perceptual process
(Miller,‘l95§), 2)>there-is considerable evidence about capacity at
the human adult'level (Attneave, 1959), 3) there is great regularity
‘._ ir the capacity findings (Miller, 1956), 4) it is possible to study

: recognition while minimizing verbal responding, thus making retardate—
: \ : . :
normal comparisons more meaningful
: . . \ : .
It is commonplace that the human can identify quickly and accurately

[ &

a vast number of stilei in many sense modalities. The remarkable

| - !

thing about this capability is that it is achieved despite the funoa-
mental lnnitation on human identification capacity pOinted out by
Miller in his article, "Magical Number Seven" (1956) The limitation,

: since verified _many times, is that the number of stimuli differing
along a single rceptual dimension whichrcan be identified w1thout
error is about seven, or from five to nine; In slightly different

terms, the channel capacity for uni- dimenéionally varying stimuli is

somewhat under three bitSr‘ It followa evidently that the efficiency

. \

~ of the" human information tfansmission s)stem, in the sense of high
'_ channel capacity,\is determfhed by the extent to which stimuli vary
‘ along many d‘mensions simultaneously. Not 80 obvious are. the rulesﬁ

of dimensional combination. what are the characteristics of component
- '\ . B

dimenvions in multi dimensional stimulus sets- which make for distinctive

L

elements, are some subsets of _the total number of combinations better

than others? These important que stions of perception have been given

|

hardly any experimental considera ion.

L
. e, . N
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~Within the framework ofﬁthe identification process in retarded ’ '

Il Y S

and normal subjects we address ourselves to the following questions:

1

1., - What are the identification capacities for uni-dimensionsl

w

¢ I J,. B . ! , .
. stimuli? | | | S =
Z. How do these capacities change when dimensions are combined? -

J'_ 3. - Are there any systematic changes.in capacity as a function‘
of the way the dimenslons are combined? g o - 4 o

; 4, . How is identification capacify affected when dimen81onal

i

-inrormatLOn must be stored for varying periods before the;

i\ v ~\ ) -y - }
: response is made? ‘ ]

‘This final question is, of course, a/matter of memory. Howeve:, we

A

feel thatfthe separation of perception and memory is at best an

Jarbitrary_one. Pex ceptualiresponses are measured bty recording the _ . -
xsubject's overt'response. _A smalllbut iinite time-period exists" |
,between the presentation of the Stimulus to‘be perceived and the response i o ]

‘indicating nerceptiong ‘That'this\time period may be considered within’ ‘ _ ' ’i

the context of memory has. been recognized with increasing frequency in g L

N .
5 . . \ B ,
: E

'recent years (KlnLSCh 1970 Linusay ‘and Norman,\i972) . ‘ R

The most direct way to study ide1\1fication capaclty is by in~ g s Lo
. ‘ [

\ i o ® !

creasing the number of stimuli to be 1dehtif1ed until errors begin to ‘ . )

-occur.- The changes in identlfication become extremely interesting whcn

viewed . in terms ‘0f the information transmissiOn characteristics of the

"

subject.' As the stimulus pool is, incxeased in size (increased stimulus . SN

information) the subject tranemits informatlon (1dentifies) perfectly | . o
“up to a certain point. At that point he continues to tr nsmit-the

same amount of informatiOn or 1ess, even tHOJgh the stimulus information o

A

(sing of the pool) may iucrease. Thia‘asymptotic value of tranamitted'-
T S . -




‘.evenﬁclearer:wh

k' ‘channel capacity v

. ! ‘ . o N B ! )
understanding of perceptual responding per s%. Therefore, experimental

.O- -

L Retn . i P . E R B i :
a. T i : . - . !

v' o : s . X R N . a

-f‘information is referxed to ‘as chaﬁnnl capacitv. The inyariance_of-

identification acros* "'*ne*“*s which Miller pointed out becomes'f

e - . i

e

. . . ! e .
s a function of whether the. stimuli to be _‘
identified vary unidimensionally or bidimensionally (Eriksen and Hake,

1955), and as a function of the manner in’ which dimensions are combined

in multi-dimensionally vsrying stimuli (Kaufman & Levy, 1971)

L

; know little about the relation of channel capacity to" subject differences. B

} - -

shed light upon the basic perceptual process of retarded and normal

: 5

our knowledge about retardatibn but also a clearer specitication snd '_/ .

subjects included college students as welﬂ as retarded and normal

‘nd in one: xperiment members of fhe faculty and graduate

a .

AT, ‘ (e

are discussed in three sections'":I.’ Identification of uni- and multi-.

A

dimensionally varying stimuli II”” Comparisons of identification and‘
: s ‘ )

e : . DI g

: |
discrimination§ and III Coding in short~term memory.

logical age controls for stimuli vary‘ng alonﬁ‘one\ytwo or three

Both normal MA and/CA controls were use.w“

ms of channel capacity. ‘We know that L

-rchildren.; The purpose of the project is not only the furthering of Jo

ey




. \\ . i | ’ S R R J
\ N : ) o
\\ : 1 \w-r . . . il ok
) /// _‘ ’\\ . ‘ T ‘ 5 ‘ /. .
P s i and IQ) correlates °f‘id$ntification, but also about possible develop-‘

- e

mental differenceso‘ The latter information is obtained through

c0mparison between~the normal control groups which differ only in
) .
chronological age. k : \;/ﬂ,

4

In addition to QUestions about identification capacity, both

‘rstudies include manipulations~designed to 1ook at ‘the role of memory
. \ o (
in identification. These manipulations involve instituting varying

o

delays betweenrthe"presentation of the stimulus to be identified and

the overt response made by the child. As was the case with identifi-. .

;/s"n .

' cation capacity, emory effects are also examined in light of possible";:

/ . S

i T AN ] . N . 5 .
II.\ Comparison8 Of Identification and Discrimination.<p

w oL, . - .
ST . <0 o Qo ) . i
. . “ 1 l . _ L - ol e RO : - s :). Lo : ‘.,‘ . -

. ) o ' - '
o prOV1de a’ distinctive verbal label for alparticular stimulus presented'-
« e L .
el to him. Because retardates often exhibit problems uith verbal tasks,

. :’
we sought to provide a situation in which identification could be

o

- 0 o

\:

. geported in section I made use. of a technique customarily called delayed
; ‘ ' £ "; N \ R . a
' match tq/sample or recognition.

presented to the subject anﬂ :74; removed.: Instead of being required

child was shown a matrix or display of

K

i BEEN

on that trial add was asked to point to the one he had just seen., We

8

!

IS

,'J. were similar in the fu damental sense that the basis for response is

' The conventional identification situation requires the subject to e

The jt;mulus torbe 1dentified,was , _'feu “

all the possible exverimEntal stimuli including the one to be identified

prOVided by the distinctiveness of the original stimulus.;vThe;fact that

intellectual and developmental differences. o ;3;.-~” B s -.‘:“3f" E

measured and verbal rESPOnding minimized The identification experiments

felt that our pr;\Edgt: and the conventional identification procedure o




. a verbal label was not necessary in our procedure made it much more
' : vattractive”for use with our retarded subjects and younger normal
‘ -
controls. -
t i

Despite our feelings that the mitch-to- sample procedure and

.
] .

conventir ~ntification provide similar information about stimulus }fg'}

distinct s We. did recognize that differences other than the

presence or absence oﬁ a; verbal response may exist. These differences

revolve"around the demands made upon the memory systems of the subjects;m“;:;fttl;
. In conventional’identification the subJ ct w0 has seen a parEicular

o object in the past, has stored information about it and similar objects i -

. ;‘;l iin what has now become to be known as long-term memory (Kintach 1970)

s

!When he is presented the stimulus for identification he. must recover or

i 2 .,——I—’ - //.>

retrieve that information (which includes a verbal label) to make the- mﬁi]'fiqélﬁi

) “,“
b

correct response.‘ In the match to sample procedure the information :

/
o /

“provided by memory in the. identification situation is provided by the

=;vexperimenter. A matrix 1nc1uding the stimulus to be identified and
R Q. . .
'r‘gsimilar stimuli is presented to the subject and he selects from tbese.1

,9,'In this case the matrix might be considered a memorv aid.4"The extent h

-‘to which the matrix does aid memory was investigated in the first

1 o 3

experiment reported in section II 'ﬁ“, f_f, : ;ﬂ"lsilii‘“ o &;"

s v Further consideration of the relation of memory to the match to:,7
L/ n l H

t“/u7?y vy_j:7sample and identification situation led to the second e7periment of

[ "'

RO *section II.- Consideration of the memory demands of the two paradigms,,
el ,‘led us - to the following 1ine of reasoning' in the identification task o
A ‘ '» ( .
.7the subject 1ooks at a stimulus ‘and must compare it with ‘his memories‘

£

‘»f/al”ffm\u¢; ,of past sﬁmilar stimuli before making a response, in the delayed match

o, R n " -t

’1“;‘;!f'- to sample task the subject looks at a stimulus which is then removed

{ B

e




.
i .\. )

- ~~"v-flv and he must compare the memory of that single recently seen stimtlus

with- the display which offers him as it were a pre-fabricated memory

£ \ e}

Y

store for comparison. "In the first case a single visible stimulus
& .,

- must be compared tp a 1arge memory store, while Ain the second, a single

unit in Tecent memory must be compared to a large, but visible display.

7e- for match to sample should not be too surprising. Further 7 ;'

Jx'\; . -‘?:-, «
,¢consideration of the relarive memory demands of the/ wo procedures led

: us to the conclusion/that the situation in which almost no memory

demands were p1aced upon the subject shoulH“produce the best performance.
™~

o

@QThe situation would require the simultaneous presentation of the test

e, . l

stimulus with the display which includes that same stimulus along with

’;4 ,i ‘ those similar objects which make up the pool of experimental stimuli.hfdf'

Here the subject need only compare the visibly present test»stimulus ”’fv di;’.z;‘
‘J with the visibly present display stimuli. We call this situation a j
discrimination situation.» The bulk of discrimination literature with

n

retarded children includes study of two choice discrimination learning

(House and Zeaman, 1963 Shepp & Turesi, 1968 Zeaman & House, 196J) ay_~ﬁ;—; ----- -
In these studies the major emphasis has been upon the mechanism which .
| Permits the child to discover which of two stimuli 1s.hcorrect" : J .
desién;ted by the exoerimenter., The perceptual problem pf the discrim- ,' s g
ginatiw‘le distinctiveness of the two stimuli is handled b{ att;mptingdd“:f ;l,;"f;[
;: to make the”two choices asldistinctiyevasMpossible.~ I our discriminatiye ‘5 dl-?/f
- situation the focus of attention is on the perceptual distinctiveness“ﬁ'

; .\_‘fm5f = of the test stimulus which must be isolated from its/comparison stimuli

in the display..

The BeCO“d expe _ent of section II compared discrimination, identi- e

fication, and delayed match to eample with a fourth condition which

Lj"fp.‘ logically followed from our treatment of the first three paradigms in




L ‘ . = . ) : » ./"
. ,f‘ terms of memory. This fourth‘condition involved presentation of the

e
o :

splay matrix. before each trial, that is- the matrix was presented,

Wmaved, and then the test stimulus presented and a verbal identification
Y A R L.‘ ‘
response requested.‘ Here the subject was required to’ do precisely

- what he had to do in the identification situation but his memory was

e

"refreshed" beforn each trial by presentation of all the experimental

" atimuli.

5 . ~

' The third experiment of section II represents an attempt ‘to. tie

together many of the findings of the experiments which preceded it.
. /-
In the early experiments of section II the comparisons of identification

- and discrimination were made with college students as subjects. In_th19“ :h S

experiment the comparison is’ made with retarded children.. In the A ' f"" B

identification'experiments of section I retardates proved not only o rﬁw : ;.sfééﬂi
S
~ o ,».4'-“""“‘ . L
Vel 1ess proficient than did normal children but demonstrated .the unexgeeted 0
characterrstics of depressed performance at even’ the shnplest levels ;
e :

of the task., These findings were - unexpected inalight of our con51deration : “ihm,‘f

’ of dentification in-terms of the information transmitting capacity of

» . . . Seon

the subject. It was expected that retardates would transmit small\\ "[_ \’ g
amounts of information perfectly but reach channel capacity at a point i e
earlier than did normals. Channel capacity is an asymptotic level of

information transmission above which no further information is trans-','l.“‘

\

. h- mitted despite increases in the stimulus information or task demands.‘w‘f‘”" f*"f{'x
‘ Our retarded subjects in the experiments of section 1 did not show signs _‘ffiﬂ

PR S
a5

B of reaching early asymptote bu;/fnstea/‘performed generally poorly at

yfl:; ii . all levels of stimulus information. /We therefore attempted to maximize ;,* n

[IER | l‘.,_.‘ .

the information transmission of our retardates with a. shaping procedure

in the third experiment of section II.: We always preceded our ,“E".\,;,

e




Lidentification task with the same stimuli in the less demanding e

“-discrimination task to find if possibLe the function which would reveal

a channel capacity level for the stimulus dimensions under study.. . ";f'

‘ B
. A third line of investigation in the experiment dealt with the o

',:types of dimensional cOmbination.for multidimensional stimuli. In 2
'all the experiments of sectlon I and II identificatiou of stimuli
§$\\-Varying either unidimensionally .of multidimensionally\were studied.

“In all the . studies save the one underﬂéonsideration, ‘the: multidimensional

-stimuli were construcced in only one way, in a perfectly correlated one
\go one.-faB ion. If for example, there were nine polnts along each of
S '/..w-""'y'ﬂ - ’
L e two dimensions, point one of dimension A would be paired with point
e | .
| o one of dimen81on B, point two of A with point two of B and 50 One
- ‘?“
However, it is clear that identification'might be differentially
affected by set of stimuli consistfhgtof the same two varying dimensions :"
'combined in an uncorrelated or differently correlated fashiOn. There-‘
fore in- addition to the 1dent1f1cation, discrimination comparison and
the attempt to maximize identification,'the experiment included a :ff
o ,Li:comparison of three!types of multidimensional combination.,y
‘,Sectionfill7-fcodingrin:Short Termlﬁemory_;} R
S M TS 0 e N L M S o
gfa‘“iﬁ";f'*fﬁi' The effects of memdry upon ‘the perceptual process of identification _f
o were investigated in the experiments of section I and II.o Indeed, it
"Qt“‘:_’AJ‘was our fee1ing that a crucial difference among the three types of

e

identification paradigms, and the discrimination paradigm 1ay in the
demAnds made upon the subject 8 memory. One type of memory system

which stores information for a thne period ranging from approximately

one second to one minute has been called short term memory (Kintsch
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i
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g

-
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4 RSN,
T

t . o - . < . .
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o I 1§30' Iindsay & Norman, 1972' Norman. 1970) It was clear to us that
. / ; A x>< '
= i _the;short term memory system played an’ important role in the type of

3

, .infogmatisn transmission we. considered in the first fiﬁe experiments
P ,‘ ) . ~ .
R ‘ Loowe reported.t The three experiments in ‘section I1I dea more specifi—.
SN - p o . cl

R cally with hort term memory, particularly with questi ns concerninn

Lo

”the efﬁects of coding or transforming stimulus inform Qiou upon short
.\_~ term memory B ' /i ‘ k

capacitya
[i’ Miller (1956) pointed out that while the capa71ty of shgrt term :

"'memory wa% 1imited this limitation was on- the numher of item which

would be’ retained not upon the amount of informa ion. Fbrxexample, if

«,{_

’l:a subject were rapidly presented a series of birary digits he would

.J-'»

_accurately retain approximately seven of them. If however, rhe subject ;;i

.ﬁ

were taught technique of arranging these di tsginto groups or fm;f d; . . ”‘wlil

ey
» "l“

’ ' -

chunks" and*he were given enough time he cozﬁd retain about seven ‘“!f"

‘chunks and hence many more digits.‘ Two asp cts. of Miller s discussionV'T;' S

were of interest to us- firstly that "chu’hing" or coding improves .

short term memory, at 1east in terms of inc eased information capacity, o e

g N l'

) *i‘and secondly that this coding process is :Zme consuming.; That fact that

. bcoding takes time has received experiment support elsewhere (Klineberg

‘<~

LN

= i i,’& Kaufman, 1972).rbut we wished ‘o, %pok fprther into the matter.: In S ]‘:«?’l‘ |

[N A

T

the first experiment of section III he p7Lsented subjects with strings

!,.
: = I

\7‘1¥? U of the letters S and Z at various presentation times and asked for f;w‘4,tmd:‘
I .’ ‘ B
recall.‘ The subjects were then taught HL group these 1etters in an |

s Sl et DR

: L
'-octal code and similar strings were:: presentedxfor recall. Our feeling

e T was that at brief presentation times no“superiority for the - code per-‘."
et ‘ ot o

.;(‘;{_'i, Hformance would exist,because not enough thme was available to do the S
R s,;of work of coding. but at 1onger presentation times we might see the L

.foftﬂ?effects of coding. iﬂ
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F————

The second experiment of section IIT dealt with?a seemingly

‘ paradoxical state of affairs arising from the conclusion that coding‘
in short term memoryﬂrequired tine;. Since the early experimentation
. -of Wundt it has been known that words .are more easily recogrized “han
inon-words even at very brief BXpOBULE times. sut a word differs from
a non-word of equal number of letters only because it is organized or-

i . N .
chunked in one unit. Clearly this kind of coding does not appear to

take much time. Recornition studies differ from the kind of stht
term memory study which Miller discussed in that the ratter seeks to -
tap capacity or’*he mamory system Iather than just pointing(to a - L "

{ TR difference between . twa types of material each containing a. small |

number of units. To combine the two types of experiments we presented

‘subjects with varying comhnnatnons of groups of word-like and non-. : i‘ i"cz:’h
J_ﬁw - word like stimuia at different exposure times and asked them to
*??«l ‘; ‘.recall as mauy Letters :as possihle.. If word coding was operating to
" increasencapacirv even when little time was available for coding, our.
procedure should aave revealed it. »y
The third experxment of section III followed directly from the‘f
first two. Here we exmended the range of presentation times to get

o.a, fuller picture of the2 relation of coding to. time available for é\

| J = ”% e
- processing the stimuli and fmrther, looked at the case with which TR B
‘woxd coding could be manipulated by instruction as well as hOw ks L;

ol

UI . : ; o

dependent was. capacity‘upon the type °f resPonBi/§hich the subject \Ff~

[P : .

4iwmm required to produue.

‘K'A‘E:Il’)‘\»" A
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Expeiimcne l,'

I

Identification by retarded and normal children of sthnuli

,varying unidimensionally and bidimensionally :
‘ ‘ ' ‘. : : ! ’ '

In the history of perceptual investigations those ouestions
dealing with the discriminative capacities of organisms have lOng.
held an honored position. Dating from Weber 8 and Fechner 8 work in h
the nineteenth century, data concerning difference thresholds have AN
‘been collected i laboratories all over the world., In contrast to ff{
discrimination, an - equally funaamental perceptual process, that of j
identification, has received a great deal of experimental aftention'v

o " /

o onlj in relatively recent history. Attention was focused on tHe

—.
1

i

identification process by Miller 8 influential article "The magic l.y

T ‘”~\-:\‘

number seven, plus or minus two" (Miller, 1956) While the: Weber T e g

UURURURP ST il
ER fraction may vary considerably across a group of selected physical

dimensions Miller pointed Out that the number of identifications

. //:

pOSSlble within each of these dimensions was fairly invariant. This

: W~ .
invariance has bee. demonstrated for many dimensions Fn many/studies

(Fitts & Posner, 1967) "xf:' T "fyia ,i- - ij# “f"*"“;“
The experiment to be described was designed to. discover Whether

. identification capacity varies with the 1ntellectual and/or developmental #

A

T 1eve1 of the subject. The question seems a reasonable one to ask .
Can ‘ o e p

expecially with respect to possible differences between/retarded and 54
‘normal chiluren._ Identification is a process which has not been
“fhf't, carefully'studied in either retarded or normal,children, while other
- basic processes heve received tonsiderably more attention, for example-

discrtmination learning (Zeaman & House, 1963), short term memory

‘fli;;"-?;; (Belmont & Butterfield 1969, Scott & Scott, 1968), long term memory

LI

g
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(Belmont, 1966), and sensory acuity (Kodmam, 1963). - = -~ - -

IdentifiCation capacity is studied by increasing thewnumber of
stimuli to be identified until errors begin to occur, The changes in
identification become extremely interesting when viewed'in_terms of

the information transmission characteristics of the subjedt. As the
\ . h ¢ V-

stimulus pool is increased in size (increased stimulus information)
the subject transmits information (identifies) perfectly up to a |
certain point.i At that point he continues to transmit the same amount
of information or less even though the stimulus information (size of

the pool) may increase. This asymptotic value of transmitted information

is referred to’ as channel capacity." The invariance of identification

,;;;Tw~' across dlmensions which Miller pointed outhbecomes even clearer when ‘kvb- S D .
E ,viewed/in terms of channel capacity. We know that channel capacity v““fs-qﬁ_
varies as a function of whether the stimuli’to be identifled vary "

' f,unidimensionally or bidimensionaliy (Eriksen & Hake, 1955), and as

~ -2

' a function of . the manner - in which dimensions are combined in multi-- »

d1mensionally varying stimuli (Kaufman & Levy, 1971) We.know 11;;1é'

T -
about the relation of channel capacity to subject differences. .

T ‘:~Recent1y, Olson (ﬁ971), has suggested that channel capacity may be

7"re1ated to: mental age. Our study examines channel capac1ty~differencesr-.v}i

L — B T

- in identification in 1etarded children and their normal mental age-;."' -

EER equivalents in first grade as. well as their normal chronological age

L0,

o eqdivalents in sixth grade.r .‘;"

— -

*‘The conventional identification situationxrequires the subject

s

to provide a previously acquired verbal label to the stimulus presented.

For example'. "This is a green square or "That is number five." The' )

iR

ide“tificatiOH procedure we ‘use has been conventionally described as ,:dm

oo ’t\ . e




ar

: Co be 1dentif1ed and the production of the pointing response.‘ The informa-

_17_ \,-' . - . { .

| delayed match-to-sample or-. recognition.: We present the stimulus object,‘

i

remove it, and then offer the entire pool of objects for that experimental

condition, enabling the subjeot to point to the one‘he just saw. We feel
[ _

- that our procedure and. the eonventional identification procedure are

similar in the fundamental sense that the distinctiveness of the original
‘stimulus provides the basis for reaponse. One important difference

between the two procedures lies in the neoessity for having a well learned i

iverbal lable for ‘the stimulus in the conventional identification situation."

‘ In dealing with young children and retardates in particular, verbal responses

i

'may pose- a problem. The absence of or. difficulty with verbal labels does

" not necessarily ‘mean that the child cannot recognize the unique charac-

g . ‘

xteristics of the stimulus. The use of our procedure is further justified

by the fact that 1t produces regular data when used with such non-verbal *

3

subjects as- monkeys (Kaufman & Wilson, 1970) . :‘ihﬂfi,_'

In addition'to the 1ntellectua1 and developmental level of the subJects, 7‘4

L

" the independent variables of this study include stimulus information load

(size of the stimulus pool to be identified), number and types of d1menslons

along which the stimul vary,”and the- delay between removal»of the stimulus

s

tion load variable P ovides the key to p0881b1e channel capac1ty differences

B A (i b

*,emong our * subject groups, the number of dinensions variable tells us about
RN

. FA
possible differential effects of redundancy, and the delay variable may

S s ubjects Ai

point to norma}-retardate memory differences.,.

: Fi— \ i METHOD R ¢ ) \ :’; . | o B D o~ i

Six retarded children, six normal first graders and six normal sixth
/,: . - : "x

f graders served as subjects. The retardates, five male and one female,



N o =i8e

N

i)

were residents of the Mansfield State Training School Mansfield, Connec-

ticut. There were mixed diagnostically, 1ncluding three familial two

» mongoloid and one brain damaged child None of the children exhibited

b

grOSs sensory or motor impairment, all attended public school ‘classes

. atlthe training school and all had preyiously served as subjects in dis-
crimination learning experiments. Their mental ages ranged from 56 to
75 months (mean = 62) while their CA ranged from 140 to 164 months (mean -
= 145) The normals,'three Loys- and three girls at each grade level

- were selected by their’ teachers as "average" students\in the Hall Memorial

. N -"f: ' ;
_and Willington Center public schools, Willington, Connecticut. The/CA ; i

- :

range for the first graders was 73 to 83 months with s mean/of/;G with

i

- a CA range for six’ graders of 142 to. 150 and a mean of 147 months.g” y
. ) ]r-'

Since MA levels for the normals were not available, the selection of
A SRR N

average~ students was requested of the teachers. Average was defined as

4. ,neither above nor . below grade level but doing reasonable work in the

- opinion of the home room teachers. o -
“ R % a .
- The discrepancy inSsex distribution between the normals and retardates

resulted from the feeling that any possible »»»»» sex‘effect would be minimal
| M e

in ----- comparison to CA and MA effects. The retardates were therefore chosen

1

to reflect the best possible matches on the latter two variables end sex

PN

balance was sacrificed to this end. - __‘*‘

; Materials N
‘; The stimuli to be identified were squares which varied in size or
brightness or both size and brightness in different conditions,» Size 5h
variations were from 2/8 inch to 11/8 inch increments. Ten’shades of -
: f} fgl grey selected from a set of 16 Color Aid greys represented the degrees'

of brightness variations.f Two sets of the 100 possible combinations of

v\ o




L e |

“L_white cardboard mask. ;o

2 dimensionality variable were unidimensional (size orx brightness)

it
. ' . . i
R “ X N if

‘.asize and brightnsss wera constructed by centering each square on a 2-1/4

’inch white display ‘card and spraying with a clear plas ic preservative

coating., One of the two sets of cards served as stimuli while ‘the others

-/ ‘
were mounted by hinges on a. response matrix board.

The response matrix board contained 1--’-alfﬁ deep tircular depressions

.one inch ,in diameter, arranged in & ten by ten matrix. Each depression

|

could be c0vered by a hinged display card. - The- board was mounted almost'y;

\

perpendicular‘(at an’ anglejof approximately 85 degrees) on a turntable,

to permit easy access’ for both the experimenter and the subject

'\
. . \ :
Procedure” | .
A

On ‘each trial the experimenter held a stimulus display card up to’

the subjecL for approximately two seconds with instructions to lookxat

it carefully.v The card was then removed and after the appropriate delay

Pryp——

; interval the response matrix was . turned toward the subject with instructions

to point to the card he had just seen., The pool of cards for that partic-

ular condition were arranged 1in natural order on the: board (smallest to

‘largest darkest to lightest), with the empty. depressions covered by a

The experimenter provided knowledge of results with a verbal "good“

B brﬁ no. . In addition, retarded subjects were permitted to. lift the display

\

card on the response board and found "M&M" candy in the welL when correct.;

A

,'Experimental Design SN

IR

;three within group variables (dimensionality, number of alternative, and

»delay) made up the overall experimental design.‘ The levels of ‘the

One between group variable (retarded first or sixth graders) and L
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and 1bidimensional (siie and brightness combined in a perfectly correlated .

' fashibn)- The number of alternatives variable had“levels of 2, 4 or 6

- for untdimensional stimuli and 6 or 8 for bidimensional stimuli."Since

;

’iﬁwbetter»performance was expected in the bidimensional case we felt that‘

the smaller number of alternatives would not be necessary in the bidimen- )

?Asional case but that a- larger number of alternatives might be required
to ‘test bidimensional capacity. The delay betWeen the presentation of
the stimulus for identification and the response matrix was set at O

‘, 10 or 20 seconds.
All subjects vere run on . all combinations of the three variables

with eight daily sessions of 90 trials each required of each child. A -

Jdaily session was divided into the 3 blocks of 30 trials each. Within

-

."each block the delay lerels and particular stimuli chosen for identification

were varied randomly with the restriction that each value appeared an %

2

'equal number of times. Thesunidimensional conditions were presented onl

-"the first six days with two days .each of two, four and six alternatives
k'ln that order. The bidimensional conditions were presented on the last
two days with the six alternative ones preceding the eight.‘ The size.

‘iand brightness dimensions ‘were. completely counterbalanced across the

o unidimensional sessions. If a child performed at the 9OA correct 1evel.-

'in any block of. 30 trials the daily session was terminated af“er that

< -
L . L . P

‘block.‘ : '~77‘W. | ,:';T’AM“7"1‘ f'f" ;}_; s ;‘." - :..'ff;iw

: Specific values for a given set of stimuli were chosen from the

o complete pool of 100 stimuli to maximize the separations among the set,-‘;

g and as was previously stated wbre randomly assigned to a given trial infﬁ‘ L

7i;ﬁa daily session.,w;

‘-Thearesponsefmeasure‘used,wasfamount‘of-information~tranamittedW(I), L

Uy R Tee Nl
oA L ¥ ’ - :
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in each:experimental condition, Transmittéd information'isﬁcalculated"
-from a'stimulus;response matrix. The number of responses/made to a given
stimulus is; recorded in each cell with the column totals providing the
~frequency with which each stimulus was presented and the row totals the
frequency with‘which each response was made. Information transmitted is

given by .the sum of the stimulus information and the response information

minus the cell information. The transmitted information indicates the e ST

/

Fdegree of overlap of stimulus and response information. When the number

of response categories is the same ‘as the number of stimulus categories

fand the subject is responding on a purely random basis, T = 0.
subject is performing perfectly stimulus and response informfti

equal and T will equal the stimulus information."”

z - RESULTS
Because the amounts of stimulus information (number of alternatives)

'; vdiffered in the unidimensional and bidimensional conditions (2 4 and 6

'alternatives for size or brightness, 6 and 8 alternatives for size and

«

brightness combined),_three variance analyses were performed : The first

included unidimensional data only, the, second bidimensional data only,

[

and the third compared unidimensional and bidimensional performance at

‘lih,the point of maximum stimulus information 6 alternatives for the uni-

I.
i 7
Az
i -

Sex . T '._; iu,_ S T S

fidimensional case aéd 8 for the bidimensional) ,"‘ = f.'

A.."

The performance of males and females was very similar in all phases

“';:of experimentstion.v The overall Fs for sex in first and sixth graders“

\".._.\_

. ) = -
: ﬁwere not significant and there were no’ indications of sny interactions."“

s
! AN



f;‘conditions at the point of maximum stimulus information (F = 5 52 df - 1'1

‘;22- ’ - ‘ . .4\1“\‘-\""“\,

‘ Stimulus information‘

The effects upon the three subject p0pulations of increasing stimulus

information and type and number of dimensions available for identification

.»

are presented in Fig. 1. The figure illustrates the\\gpected increaae

‘-’in transmitted information wlzh increasing stimulus information, an

increase statistically subst: atiated by the two apmropriate variance
analyses. The main effect for number of alternatives in the unidimeusional

‘analysis was reliable (F = 16 01 df =1 255, P < 001) as was the case‘

N
in the bidimensional analysis (F = 17 08 df ="1 75, p < 001) Mobre

.interesting were the significant differences in information transmitted

between the retardates on the one hand and the lirst and sixth graders on

Fa

the other (Unldimensional F =67, 47, df = l 15, p < 001 bidimensional
N . ol . | N

37 l df = l 15, P < .001) . N o
Although it is clear from Fig.,l ‘that the retardates were transmitting
,some information at each stimulus information load, the gain in information B

transmitted with increasing loads is clearly much smaller than the gain

for normals.; A test of the gain for retardates along however, does produce

an F of 6.76 with df = 1, 25 and p < .05.  The discrepancy between the gain-

,for retardates on the one hand and normsls on the other is emphasized by

1‘a significant interaction of intellectual level and number of alternatives

(F = 7 04 df = ] 255, p < 01) in the unidimensional analysis.:_

" While the intellectual parameter clearly affected the amount of 7

‘,ﬂ7information transmitted, the effects of the developmental parameter were

';not 80 evident. Although sixth graders always performed at a SOmewhat
S - : . 5—*"‘5‘ - ) . B J

Lsfhigher 1evel than first graders, the dlrzerence reached statistical

(ﬁlsignificance only in the analyses comparing uni-,and bidimensional ,*“ f:A?;ﬁ'

Ty

1, 15,.p < .05)



' .Figure 1

Information transmitted by the three experimental

EESN——

groupa as a function of the amount of

stimulus information (number of alternatives)
"624'

and type of stimulus variation.
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Dimensionality

Figure 1 illustrates the fact that parformance was superior.for all
groups when two dimensions were available for identification than when ‘
‘only one dimension was available. This fact wasg statistically substan?
tiated in the uni- and bidimensional analysis (F = 228,9, df = 1,120,
”p-< 001) 3,This analysis also revealed the effects of the intellectual
'parameter with normals outperforming retardates (F = 44 66 df = 1 15,
P < “00L) overall. In this analysis again an interaction involving
_ intellectual level was found.° The interaction was between the normal—.
‘retardate comparison on the one hand and" dimensionality on the other (F =
b4e 10 df = 1 120, P < 05) In the unidimensional analysis increasing
stimulus information load (greater demard upon the subject) produced
1increasing retardate-normal differences. In this analysis, the two~\
; dimensional case (a lesser demand upon the subject) produced a smaller
) retardate-normal difference ‘than did the one-dimensional case. However, '
it should be pointed out that the closeness of the two. normal groups to
'the informational ceiling in the bidimensional condition make the smaller
:‘difference difficult to. interpret. |
| Another type of dimensionality effect is illustrated by the uni-

dimensional analysis. Size proved to be an easier dimension than did

brightness (F - 2 47 df - l 255 ‘p < .05) for all groups.,

s

Figure 2 illustrates the delay effects for the 6 alternative uni-‘
‘-dimensional conditions and the 6 and 8 altervative bidimensioqal condi- J““

’ tions._ The effects of delay between stimulus presentation and response R

h;fmatrix presentation seen in the figure was found with smaller information e

"-loads as well (2 and 4 alternatives in the unidimensional situation) All}lpl‘f”

: 0

N “'\,,\...;____"_‘_;_ e
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 ‘A‘Figure 2 o e

‘AInformatidﬁ'ttansﬁitted (T) by the three

experimental groups a s a. function of S

delay betwéen the stimulus and the (
response matrix and type of stimulus variation. ‘
54 A
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_ three variance analyses revealed reliable delay effects (Unidimensional
F = 7 86 df = 1,255, P < .01 Bidimensional F = 23, 58 df = i,75
p < .001 maximum information load F = 26, 17, df = 1,120; p < .001). s

¢ . ot

Not only did increasing delays result in decreasing*information trans-"

Pt

mission overall but they did “so differentially with respect to. 1ntellectua1
level. Retardate-normal differences increased as delay increased a fact
‘ statistically substantiated by reliable interactions in all three’ variance
analyses (Unidimensional F=7, 04 df = 1 255 p < 01 Bidimensional
’_ F= 8.71, df = 1,75, p < .005 ‘maximal information load F = 4.62, df -
1 ,120, p < .os) W ,,,bl
Although;there is\a.greater effect of delay upon retardates, the -
normal children are”not“immnne'to the effects of delay. While the delay
i‘f"'_, f{ functions for first and sixth graders in Fig. 2 do not show marked kii'.' _ %v,
decrease an overall test of delay for normals alone did reveaL the decre—‘:f
oF

',ment to be a significant one (F =4, 73 df = 2 llO, p < .025) "_ ‘ _.t*

-

DISCUSSION
The data of our experiment clearly support ‘the inference that

1ntellectual level plays a role in the ability to transmit information in

the identification situation as we have defined it. 1Im allcomparisons

made,.retarded children performed at a significantly lower level than

: h both their MA and CA controls.i This retardate deficit is further
R emphasized by the interactions of intellectual level with increasing
t iy ormation load (number of alternatives) and with increasing delays
Jbetween presentation of the sthmulus and presentation of the response

-

B ,matrix.. In general a8, greater demands are. put upon the subject ther'*"'

s

S retardate deficit increases.ugm ; thlﬂéﬂf;f;w <:?El L .3'j 5 i‘. :c,;~'jf'le N -




. factor would appear warranted

- not force rejection of a capacity difference but may point to the contri

' bution of other factors aB well. One such factor is the context effect,

: analysis of Buch context effects in the performance by monkeys of a task

,"27'; -

.
az

'The effect of a developmental parameter;of identification is not as

clear as the intellectual parameter effect, - While sixth graders consis-
tantly perform at.a'level equalvto or higher than first graders, the
¢

differences are small, and reach a level of statistical significance only

in comparisons involving maximum stimulus information in the uni— and

[

bi~dimen81ona1 conditions.‘ 1t is’ possible that a. developmental factor is
Operating but requires a higher information load to reveal its effect.

, .
A parametric-study including c}oser examination of'the develoPmenfa1=

Given the retardate deficit in identification, the question of the

' nature of that deficit remains. Our original conJecture ‘was that Miller 8

magical number in terms of channel/capac1ty (Miller, 1956) might be 1ower

for retardates than for. normals. That is, with unidimensional stimulus o z;-i

sets on all (or ‘at 1east many) perceptual dimen81ons, retardates snould
,. reach asymptotic information transmission at.a lower 1eve1 than normals.

Such capacity difference should include not only a 1ower retardate

asymptote, but equal retardate-normal ability to transmit smaller-amounts
| |

of information before asymptote is reached. Our data do not point unam-
biguously to such a capacity difference. Figure 1 reveals a retardate
deficit even when stimulus information is only one bit.‘ Furthermore, as

stimulus information increases, retardates do transmit more ; information ' Pl

: . g R
but still far below normal performance. It is possible that the hotion E

i
. A
of a channel capacity deficit is inapproapriate. However, our data dol“‘
‘\

"'-'v.» .

-

the effect of preceding trials upon an identification response.-'Anl‘”

a
3

T O
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-similar to‘qurs, has been outlined by Kaufman and Wilson (1970) This
analysis identifies three types of-error based upon the trial immediately
preceding the reference trial R |
¢ = _ _ .
= 1. '.An R error which.entails repeating the'response'made in,the
preceding trial when the stimulus has been changed and the
- previous response was incorrect. This type of error may be
,thought Bf'és response perseveration;independent of the
stimulus.
2, An s error,-which:is making thedresponsedappropriate for the
‘pfeyiousutria1~stimu1us when‘the previous triai response'was
"incorrect. “This- error may be thought of as a. correct}on of
. the preceding response. .**
3. les s- R error which is- making the response which was correct for.
the previous trial . This type of error may be thought of as.
'’ B ) response perseveration dependent upon. the preceding stimulus.
o Errors other than the three described are. considered errors of .

identification independent of context.

The‘analysis of context effects in»ourbexperiment is contaminaEEds

oo .

by the fact that intervals betWeen stimulus presentatlons were not °qua1,

since delays were randomly assxgned within blocks of trials.' However,

) mindful of the delay problem, we did analyze errsrs - to find that. the most

”‘Icommon context effect was the inrorrect response perseveration (R error),

" with the correct response perseveration (S R) error made 1ess frequently.

Very few corrections‘(or S)‘errors were made bytour-subjects. However,

; more S, R and S R erro s were made by retardates than normals,\indicating

) greater ausceptibility to context effects as defined by the pre eding trial.

. "‘w
Our study has produced what we feel are convincing data pointing to o

N ‘\ = Sl P

. e
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a retardate identification deficit. It seems clear that this deficit is
to some extent influenced by the tendency of our retarded subjects to

be more greatly influenced by the preceding trial than normals. Whether
] ‘ , T - Co

thé effects of.preceding trials upon the retardates result from the tendency
vto reyert to such.Strategies when faced with a-difficult task or whether
they enter all,tasks with such strategies is not determinable from our
" data, |

It is not clear that the form of the.*dentification deficit may be
described in terms of channel capacity differences. “The asymptotic levels‘f

#

~ of information transmlssion required for such a description are not readily

"

seen.in'our data. It is possible to speculate about_the‘mechanism under-jl
lying the deficit. It might be‘suggested that the difference between our
retarded and nbrm?l children represents a simple discrepancy in the ability
to attach verbal labels to stimuli. However, our matching task was
‘chosen not only because'such,verbalizations‘were~not an integral part of
"the orocess_but"becauseithey'weretunnecessary? as‘eyidenced'by the success
of such nonverbal‘subjects asrmonkeys in comparable situations; The
effects of delay upon matching also argue against s purely verbal mechanism[
It does not seem to be the case that normals mediate their choice by a

verbal label, rehearse it and then make the match as Well after. longer

'irdelays as they would after shorter delays. _The normals were subject to

n‘delay decrements even thOugh they were not as largekas the retardate
;decrements. If ‘one were to appeal to a’ verbal mediator one would have to
postulate not only differential effects of unfilled rehearsal periods in
"dnormals and retardates but also ‘a rehearsal decrement over time in
"normals. What does appear to be true is that the trial by trial strategies o

j
for retardntes differ from those of normale. Response peraeveretion and

Y
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'correction errors are more characteristic of thé retarded group than

These context effects would tend

to depress'pefformance over ail'levefs-of stimulus information.

would . also tend to obscure channel capacity differences, that is dif-

iorential asymptotic levels of information transmission.

[

reoy

"y,
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. Experiment 2,

N _ ‘ Identification byvretarded and normal children of stimuli varying

along one, two or three dimensions
‘ V .

\\\

PR

: \\ The data of experiment one revealed a retardate identification
\ : ] .
deficit-when compared to both CA and MA normal'controls. “However, despite

l
the fact ‘that sixth graders appeared to perform more effectively than did

oat |

first graders the difrerence was not statistically reliable. A difficulty

with experiment one was the high level of 1dent1fication performance for

e

.. both. normal control groups. We hypothesized that a p0381ble developmental
difference was obscured because the task was not Sufficiently demanding »
. to_differentiate the<normals despite’ the_fact_that it clearly revealed

‘retardateenormal differences. One of the purposes of the present study

v
1

was to provide a sufficiently demanding task to tap developmental as

well as intellectual effects. All subjects were therefore presented
-‘:'w1th a ten‘slternative 1dent1fication task and once again-groups of

Mretardates, blxth grade CA and first grade MA controls were run,

. Replication of some of the effects found - in the first experiment

was another goal of«this study.* Two leve13»of delay'between presentation '

and removal. of the stimulus card and presentation of the matrix display - gﬁ-

- {

were included to determine the reliability of ‘the memory effects of the

previous study.' As was the case in experiment one the effects of redun-’

dancy upon stimulus distinctiveness were investigated by requiring

o identification of stimuli which varied. not only along one dimension but
5 9 e
along\two dimensions as well. An extension of the redundancy question

o

\f : : involved the inclusion of stimuli which varied along three dimensiona

LA

o . along with. the one and two dimensional stimuli.‘-

-31-
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An additional perceptual question posed by this experiment centered

about the type of dimensions used and their combinations. ‘in eiperiment .

'5fone the stimuli consisted of squarea varying in size’ and/or brishtn888~'

e

.iyJ,Subjects

'~$%and mean” IQ of 5l. 7 (range 43 to 72l

-a compaiison of d1fferent dimensional combinations. If one considers

ltation) and one from the background._ This figure-ground question was .

- 4

gThe physical dimensions of this- study included length of a line, orien-

: .gtation of that line, and the brightness of the background upon which the,

. '
o . *

41line was placed ‘ The use of these three dimensions permitted investigation

il

:of not only the distinctiveness of stimuli varying along each of these'

r~

,dimensions and stimuli in which they were . rombined but also made possible‘

.‘\

the llne as a figure upon a background varying in brightness, one > may

'Lask whether distinctiveness differs when one varies both dimensions of
' the figure, e.g., length and orientation with the baskgrcund (brightness)

..held constant from the case in which a" two-dimensionally varying stimulus -

~

' has as its dimensions of variation one from the figue (length or orien-

the final one toward which experiment two was addressed.

= 5MEinﬁii;c‘ - B

TWenty six normal first graders, 26 sixth graders and nine retarded P

e

_‘children served as subjects.’ The normals were: students in the public

R N ‘
--.school system of: Willimantic, Connecticut and ‘the retardates were residenta

"jf?gof the Mansfield State Training School Mansfield Connecticut. The
‘H"‘retarded children were undifferentiated diagnostically with ‘a mean CA of

v ':'_12 15 years (range 10‘3 to 14 6), mean MA of 6 67 (range 6 05 ‘to 7 74)

oA, L

| None of them exhibited gross ,f .

'.g,x-,: hd

“Lsensory or motor impairment, ailfattended public achool claases at the

”"ftraining school and a11 had previously served as subjects in discrimination

-
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learningvexperiments. The normal children were selected by their teachers

who were instructed to choose pupils who vere of average age and average
J _ u ‘
ability for their respective grade levels.
. ‘ .
' " o P
Materials . f' ' ' g

H The stimuli to be identified cb sisted‘of 3 in.'#i ‘in,rcards upon .. - -

which a line made of 1/16 in.(red-charting'tape was pla ed. The brightness

i o o of’the background of'the,card was varied by the use of color»aid gray

paper.' Ten'brightness levels were obtained‘using Color-aid valuesglA, 1,'
, '%A3‘3h,-?A'-SA, GA'»7A, 8 and bAié Ten~values-of”1ength'of'line were- o

7'used with ange of 14 mm. to 57.7 mm.: Each step along theulength

‘a

dimension was 1. 17 times the size of the preceding one. Ten orientations
were: obtained by varying the line with respecb/to the horizontal from

6b to 879 in 9 steps.‘ Thirteen sets’ of 10 cards each we&e constructed

C o 'f to provide stimuli which Varied along one, two or three dimensions. The

B

: “ ‘ .
'. 13 sets consisted of' three unidimensional sets in which one of each of

the three dimensions varied while the other ‘two were held constant, six

bidimensional sets in which two dimensions var1ed in a perfectly correlated

) o

’ fashion whii the th1rd remained constant, and four tridimensional sets

in which all three dimensions varied in a correlated fashion.v There s S

3

Tel ‘_ were six and four bi- and tridimensional sets rather than three and one

-

R pectively because for each of the bidimensional sets. value one on
. . - E \ 0
a veriable/dbmension was coMbined with value one or ten: on the other

variable dimension, while in the tridimensional sets value 10 on' oneﬁ;f‘n

,/,
', =

dimen81on was combined with both one values on the ‘other two dimensions,f

in “hiCh 511 dimensions\were combined startin Hith
value one. \'.{f‘?"-, g

C e

~ '-, ! e L . . A

R _L,_‘/"Z.,-‘ ’\ e e - ‘\




- Both the stimulus for identification and the display matrix were
presented on a 30" X 30" display- board. -The identification stimulus . /

~.was, inserted in a holder mounted in the center of: the board with the

. . /

reSponse matrix arranged in a circle around the’ stimulus. The board /
) ety . R ' ,/

/
. was placed on an easel facing the subject and covered with a mask /The
‘ mask required an excursion of six . inches to cover ‘&nd uncover the response‘

.matrix.. Figure three illustrates the display board mask and. relation H
of the display to S and E ’L o "3 o f‘ "»;: SRR

T a

Experimental Design and Procedure,>

o The independent variables of the study were Groups'(retardate, first
graders and sixth graders) identification delay (zero or 15 seconds) and Tl.-
dimen81onality (uni-' bi-‘or tridimensional stimuli) The delay con-

\ :
ditions were presented as a- within subjects variable 1n all three groups,

.
b

but: the dimensionality condition was presented as a between subjects

. e -

variable in the normal groups and as. a within variable with the retarded

e e

C e . ¢ - PR -

subjects.

. -‘

Each of the retarded Ss were run for three hourly sessions.’ Within

each session tne two delay conditions were 1mposed in a" balanced fashion

3

'%d_ across subjects. The dimensionality conditions were balanced across
ses31on and subjects as were the stimulus sets within each dimensionality
condition. In an hourly session the 10 stimuli to" be identified were

presented 100 times, 50 under the 0 delay condition and JO under the 15 '

:.l:sec. delay. Ten practice trials preceded the experimental trials and Ss g}*

were given regular verbel reinforcement. Candy and/or toy reinforcements

R

followed each daily session.

~

- gf?f:‘h RN The procedure for the normal Ss was similar to. that for the reterded ol

'.|.

children, but for the fact that only one hourly session per S was held
T . - B \

0
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served“in-only one dimensionality condition. Each of the.

oo T .‘f .'L‘ lih - ERESULTS.
: B Since the experimental de51gn included different arrangements of
the independent.variables for retarded and ncrmal subjecte*several analyses'
, were'carried out; These will be presented in three sets analyses for ‘
'normals, analyses for retardates and retardate;normal comparieons.~ As
‘; was the case in experiment 1, the response measure analyzed waa tranamitted

')0

f'information~(I).

";First and Sixth Graders

As can be seen in figures f0ur and five, the 51xth graders trans-
- -mitted. consistantly greater amounts of information than did the first

f.

,‘ \graders. This difference was statistically reliable beiow the .001 level

-i‘.4

.\F = 40 27 df = 1 38).3 Dimen51onality effects illustrated in Figure 4.

‘J; include more information transmitted for the bi- and tridimensional

1?=;;. ;vmai?lconditions than for the unidimemsional condition (F = 17, 40 df =1, 38
‘Tp < .001) but no significant 1ncrement for tridimen31onal stimuli over

¥ 5bidimens:Lonal ones.. N0ne of: the three unidimensional conditions '

"fﬁvsf95‘vdiffered significantly from the other, but: the bidlmensional combinations

| ‘ di .’ When rhe two . figure dimenslons (leugth and orientation) were

g.i% :'f‘i_combined, significantly more iufmrmatiﬁn was ' transmitted (F = 8 27 df =

| ?-;_dl 38, p < .01) than when either of the figure dﬁnensions were combined

“ﬁggjwith the background dimension (brightness)

o Delay effects were. clear ‘and consiatant .as illustrated by figure 50-‘

vPerformance was degraded by the 15 second delay at both grade levele'??f

5-;1[ (F - 36 8, df = 1,38, p< .001)

B ,.,,...._.‘\

L
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Figuré 4

Information transmitted by the three

experimental groups as a function of

delay and. number of redundant dimensions.
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ST In comparing retardates and normals directly two analyses were

-39-

Retardates

JDimensiopalityﬂgffects‘Within the retarded Ss differed somewhat from -

those found with’the normal“controls. .While there‘weré‘no differences
amohg‘the unidimensional sets of stimuli as was the case with ‘the first
and sixth graders, the bidimensional figure combinations as opposed to
figure-ground combinations were not reliable different though they were

tw1th-the normals. Another retardate normal dimensionality difference

'can be- seen in Figure 4. The greatest effect of - redundancy is seen by

N looking at the tridimensional stimuli as opposed to the uni- and “bi=-

-dimenaional'sets (F =‘21'3‘:df ="1,35, p <_.001) The uni- and'bi~
1 - N _r *.

dimenSional conditions do not differ greatly from each othera
Retardate delay effects were similar to those found with normals
'\}'7
(see Figure 5) and were highly reliable (F = 28.3, df = 1, 235, p < .001)

)

‘eNormal vs. Retardate Comparisons'“

e

carried out. The first and sixth grade Ss who had unidimensional con-'

o oitions were compared to the retardate unidimenSional performance, while -

those ' first and sixth graders who performed in the bidﬁmensional con-

v

ditions were comiared to the same. retarded children but only in ferms of

_ their bidimensio al performanceaj.

For unidimensional sets,vsixth graders transmitted significantly h

more information than did either first graders or retardates (F = 10, 98

)

df = 1 12, p < .01), but the difference between first graders and

retardates vere not significar‘t (F =3, 07 df - 1 12, p S .05). Although

delay effects were significant as’ may have been expected from the other

.\

analyses, no interaction of subject differences and delay were found.\

L

.....

3



In the bidimensional analysis_once.again sixth graders transmittqd
more information than did first graders and‘retardates (F = 39, 7, df =
1,24, p < .001), but in this instance first grade performance was

[

"significantly better than that of retardates (F = 19 S df = 1, 24 p<’

.001). Once again significant delay effects but no interaction of delay
and subject differences were found, | |
~ DISCUSSION

. -
<

The results of experiment one revealed a retardate identification
- deficit and a hint of a developmental correlate of identification. We ’ . .T‘“r-
reasoned that the developmental effect was not clear because the high
level of performance in both normal groups.may have resulted from too

: simple a task. Support for this hypothe51s comes from the reliable sixth

f r

bl and first grade differences of the present stLdy in which task demands '

were higher. In this study as was the case in the first, retardates did

3

not perform as well as did normals. However while both first and sixth

' graders outperformed retardates in the first study, only our sixth ‘ o !d @

- graders did so in all cases, in this study._ Wlth the unidimensional o _

stimuli of experiment two,'retardate and first grade performance was not j
@ significantly different. While it is possible that the particular

dimension employed might attenuate the differences found with other
dimensions and dimensional combinations We do not favor such an. hypothesis.’
The differences that did exist (see Figure 4) were in the.appropriate
direction,,the bidimensional stimulifdid produce significant retardate-r

firat grade differences, and one of the single dimensions, brightness,

ﬁo used in this study was similar to the brightness dimension of the first

‘'we found as T -ul,despite itn fuilule to'reach“a»conventic“al«lﬂ"el of, - R G
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- statistical significance.

- The effects of redundancy resulting from dimensional combinations, .

A -~

upon stimulus distinctiveness were. consistent with the first experiment
L

_but not as straightforward as we might have liked them to: be. Once a in
more-information was’ transmitted when ensions were combined than when 3\7

unidimensional stimuli were identified. However the benefit gained from

PERE

'increased dimensionality was not ‘only not linear, but perhaps not even
,monotonic. For the normals the gain for two dimensions over one was

clear and expected however the addition of a third variable dimension
in some cases 1mproved performance slightly over two dimensions, but in .

*

others depressed performance. For the . retardates the three dimensional

-

1dentification produced by far the best performance.‘ It may be that the

effects of dimensionality upon distinctiveness do indeed interact strongly

w1th developmental and intellectual level as our data seem to suggest,
,.but if this is 80 the interaction is avstrangerone indeed The results :
-‘of this study and the first study would indicate that retardates benefit
I increasingly from added redundancy, but that our normal controls ceasev‘

B

4‘3'deriving benefit after two. dimensions of variation. This by itself is

A'inot very strange, but when countered in light of the fact ‘that college'}f}.‘/yA
1‘students seem‘to benefit from 1ncreasing redundancy upvto three dimen81onal //°
';stimuli with the very same dimensions of variation {see experiment four, '”7/””f

'section II), the interaction becomes Aat best a very comprex one.,:‘ . .f;//'A" d

/
The overall effects of delay in this study were- identical “to thosj//'j

found in experiment one.: In all cases imposing a delay between the
,stimulus to be identified and the response matrix decreased performance.

i\\‘,cirf’This clear indication of the importance of memory to our task forms the :

“‘basis for the investigstions reported in section II and III. Whilejthe

‘e

‘\‘l ' "‘u"‘.‘-
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overall delay effects in this atudy were similar to those fOund in

experiment one; there wags ‘no indication of an interaction of delay with

groups of*the sort fOund in that early atudy;
¢ .

delay seemed to affect retardates more adversely than it d1d normals,

2.

.In that experimental

while: here, delay decrements (see Figure 5) were aimilar for all

' ~ o

sub ject grpups._
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Experiment 3

A comparison of two types of identification

* S

-

&he match-to-sample procedure used in'experiments one and two was
selected to minimize verbal responding and yet still provide a vehicle

Y for measurement'of‘the identification process. The conventional. iden—d
tification procedure requires the labeling of a particular stimulus in "“.E

the absence of any other comparison stimull, it became clear to us ' that

'

our match-to-sample procedure by provldlng comparison stimuli might be

“
-
Ny

doing more than Just avoiding the problem of retardate verbal deflciency.
i Ve reasoned ‘that the matrix was.providing information which was otherwise‘
required of the subJect 8 memory in the 1dentification situation.A This"

"memory aid" function of the matr1x could be seen in its optlmal fdrm
) /
in the conventional d1scrimination situation in which all stimull for .
6 .

comparison are available at the same tlme and no memoxry demands for the~

1

.‘ characteristic of those stimuli are nquired at all The differential

L

requirements for memory in the discrimlnatlon paradigm and the match-to-

smmple paradigm which,we consider a. type of‘identification~led us to‘the

w’

experlmental consideration of identification and discrimination described

o in th1s and the following two experlments. ;

' As our analysis of the major theoretical question of the dlscrlmination-‘

identification distinction proceeded ‘a number of 1ables o uld be“ R

isolated for experimental investigation. Our procedure of matching to

, sample provides operational distinctions in the comparison of the ‘two
N _ ) .

processes; In terms most natural to the procedure, d1scrlmination is .
" awprocess involving the successive comparisons of a very short ‘term trace_""

"

(i.e., a present"'stimulus) with one of&nnumber of other traces, subject o

to certain conditions, eug., that there is ‘a "closest" match or that the

. L : T oL T
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'stimulus is "identical' to~one'(and only one) of‘the’designated set.
Identification can be said to differ from this in a quasi-qualitative, or
| nearly quantitative way, in that a) the stimulus trace is. old b) theul
response set traces are old c) both.~< : |
Perhaps, we reasoned, part of the retardate deficiency is in the

way in which- the two kinds of stimulus traces are stored or: retrieved.

BN

Reserving for later the comparison with the temporalfeffects on
retardatea, we 1nvestigated in the present experiment the wayvin which
-normal adults process 1nformation mhen, inkour_standard identification
task, the temp.ral relation hetween‘the stimulusAand the response matrix
is varied, This'Qasydone in a 2 x‘é’design‘in mhich-the sub;variables
i‘WGre:r | | - ‘ “ |

_ "l)y, presénce-absence of a response-matrix (the set_of all stimuli . ‘ R
- AN - ‘ N i - . . “
‘used in that- condition) \\\‘r )

. ‘2) Zero or ‘20 sec. delay of. response following the offset of‘the'
N sample stimulus 1

i‘The response’consisted of a choice'of‘one of ‘the stimuli in the

- response matrix (matching the‘s ple) when the sample was present, or

R4
‘ “naming the sample stimulus when the matrix was absent.-
o . N, : -
B Since: one- of the major purposes of the program is to assess the
__5 | ';_:f‘effects of varying dimensional complexity in sets of stimuli on identi-

’fication and discrimination processes we incorporated another’ variable,
' dimensional—type, into the deaign. There weae three_levelaeofhthis

N

) | Qne-éimensional tsiz{a o EE g \\
2? . One-dimensional brightness . N
: _Tuo—dimeneionalisize gndfbrighﬁﬁééq,f_‘,

[N




stimulus.

In summary: this,experiment was designed to measure the effects on
information transmission capacity of the presence of a recognition

display, the response matrix, with or without a_"retention" delay; the-
2 » - ' ; - 8

type of dimensional variation; and.theirﬁinteraction. We expect that
recognition-identification will be better when the display is present,

g1v1ng the observer -a get.of values against which to match the trace

~

of the sample.' At the longer delay, performance could be expected to

fall off with the matrix present at about the same level as matrix absent,

depending perhaps on the dimensional complexity of the stimuli.

' r&E__eroD

-

Subjects

The" Ss consisted of six volunteer (paid) undergraduate students,

L4

; three male and three female, from the University of Connecticuto

,v_,l;iateri’als T S | Co S

The stimuli con51sted of two identical sets ‘of squares selected
from the lO size Dy 10 bra*htness orthogonal set used in the first L

experiment. Each.set consisted»of atimuli of ten different sizes (Sl,

" S7, ..9310) w1th uniform brightness, ten different brightnesses (Bl’ By,.

..Blo) with uniform size, and ten different bidimensional completely
redundant squares (3131’ SZBZ, ‘°'SIOBlO; a "linearly correlated" set)
The 10 values of each dimension (or bidimension\ in one of the sets
were eingly centered on- reddish colored tachistiscope_"field cards £ -

The 10 values of each dimension in the other set were collectively

: mounted in two rows of successively increasing values on reddish colored

- "fierd cards.»f These three collectively mounted dimension carda were

the’ ”dispiay cards” from which the subject had to identify the test

N

- X , : S - & « : . -
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A two-field tachistoscope was used to present the test stimulusv

H
1

‘and display. Either a blank red field, a single test stimulus against

a red field,_or a display of ten alternative stimuli against a red
¢ i

field could be seen .in_the tachistiscope ‘at any given moment during

the course of the experiment. R g kS

ﬁesign
Three independent variables werevstudied'in alfactorial design-
Display type at ‘two levels (presence vs. absence of a display following
the test stimulus presentation), dimension type at three levels (one-*
dimenaion sizﬁi one-dimension brightness, and two-dimension size-brightness),
'and.the length oi the retention interval at two levels (0, or- 20 seconds).
All subjects were run under all conditions, thus thev acted as their

own controls. The Ss were tested over sixkexperimental‘sessions, each‘

. session consisting of l”O trials.' Only one combination of display, and

- v
. diﬁeusion tvpe ox number was- used during a given session. Delay and

,correct stimulus value orders were randomly arranged over the 120 trials,
while the order of experimental conditions was completely counterbalanced

gcross subjects. Dimensional types occurred in succession.

/

The dependent-measure;vwhich was manually recorded by the experimenter,,

was the number of errors made by Ss under each condition. This’errorw

g

mraguUre wes subsequently transformed into the amount of information

'1\\-~ transmitted by each_§_under’each condition,fn
i o S ‘ o

;Procedure o g B . ‘j xﬁ‘ ;e
. . . . . .oy . - Ly il

Upon entering the experimental lab Ss were seated in front of the

i

'tachistiscope and explained its use._ They were then inatructed as to .

s -

..the nature of the ta-ks thay had to perform. and 3iven several prscticqug;;iv~?f”

‘trials with the tachistiscope.- Tiu_f:” ,.~' ,%Lfr*“r*‘””““'“’* -

N

et
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_ The test stimuli were presented for a period of one aecond: In. -
the diaplay—absent condition the display was: shown only once for a period
of one minute at the beginning of the session.' In the display present

'] . .
condition it was shown after each test stimulus for a sufficient amount

of time for the S to make his identification response.
‘The § had full control over the time of test.stimul@; presentation.
By pressing a button on the tachiatiacope control box at any time after.
a signal given by the experlmenter, he could cause the test Btimqus to
_appear. " The experimenter ‘had full tontrol over the length of the delay '
~interval precedijg the 1dent1fication response. During thia delay the

S was told to continue looking into the tachistiscope in order to keep

"his eyes at the same level of light adaptatiOn.

RESULTS

. g Figure 6 shows the mean :number of bits of information transmitted
. i " . S . R . ) . . R

. under each of. the experlmental conditians.

@

The analysis of variance showed that only one effect was 81gnif1-

cant in the present data,‘unidimensional stimuli resulted in less

)

information transm1881on than bidimensional stlmuli (F = 6, 81 df =1, 44

L -

P < .05) Other effects which approached signiflcance were: (l) Delay
X Diaplay (F = 2 67 df = 1 44, p < .lO), in which less 1nformation was
transmitted under conditions of increasing delay and no- display than

‘under conditions of decreasing delay and diaplay present, and (2) Delay

Ux Unidimensional type (F = 3 72 df =1 44, P ._lO), in which delay had
' ‘ /
‘ . a hore detrimental effect upon brightneas than ‘upon” size.

The results were noteworthy chiefly in their 1ack of confirmation of
!the intuitive hypotheses concerning the major variable, the presence of

Mfff“the matrix. There was no effect of ‘the. presence of the diaplay, and as

\ . . . . e T A

J_N;y;eﬁ .,"';' i jkr_'“-;&ff, SRR
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Ve T - o JInformation transmitted with and without
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might be expected from\this, no effect-of delay.

There Was a-delay‘
effect .only as a part of the interaction of delay with the type of L- D
task (Size V8, Brightness) With size stimuli there was ‘a definlte
| e .drop bff in performance at the 20 sec. delay, while the delay had no
’ _ :
\ | -

[

deleterious effect on perfo mance in the brightness condition. /This
]
suggests strongly that. the uses to which a referercc display cé b

oy
iation),

&

put may depend on the.type of qnding (in tuitn a fumcetion of tiie dimension
of war

The trags for a Size stimulus has a

spatiaﬁ" quaIity
which makes it accessible to compariaon with a present stimul s.' This
_ trate decays rapidly, in the meanwhile it is converted into soPe

. : ’/.‘I ’,',.,; :’,"‘.;‘ ‘_r' =
relatively permanent form, so that a’ con31derab1e amount of thL information
is preserﬁed.

Tlis meachnism is, of course, essentially what we have .
hypothcsized as.a general effect of the matrix delay. With thL brightness
stimuli, no such‘effect.occurs at all.

~

There is, in fact a SL
,,increase in performance with the 20 sec. delay.

ight
Presumably Br&ghtness is
immediately coded into .its permanent form, so that the compari:Xn with
the display stimuli 15 not really helpful. .

An alternative pOSSlblllty
is that the trace for Brightness stimuli is much longer lasting than

that for Size, but this seems, in light of the present data, a 1ess
plauSible explanation.

Similarly the results for Display are not simple.

The reason why
& main effect for Diaplay does not appear may be because of a Display
X Delay. interaction. in each of the three dimenSion conditions there is

an advantage to use of a display presented immediately but this advantage

disappears, and even seems to be alightly reversed when the response and
display presentation is delayed for 20 sec.

_ The latter result is un-
expected but, after the fact, not* completely uncOmprehenrible.

In the1,,i,

coow e

no-display condition, the task of the subject is to identify the stimulus
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presented, comparing it to a set of remembered standardiz. He must ""make

5

" up his mindﬁkeither instantly (0 dela})‘or‘sometime before 20 secondsy

The requirement of immediate responding can only work tu w~duce"accuracy.

~ Thé net resul: of the combimation of thie effect and that ¢f the display

when presented is to canecel wut ~he main effects of both Tisplay and

‘Ueiay, leaving the interaction to carry the burden of analysis.

One'interesting result is that.the lowest point is a matrix 20"
point. The no-matrix condition, which emuld be expathed '» be worse,
is not., Fals wﬁ@gests‘ihaﬁ.SS‘use different strategis=s “rr matrix than

for no-matrix conditions. They are operating close to capacity for

. mo-matrix, They drop. at 20 sec, delay when matrix is there. They don't

learn or don't care to identafy (work &ﬁ‘hﬁ?d} in the;matmlx-withfnof

delay. (r maybe they're simply trying to be '"good" subjects. We telil
‘them to wait 20'seconds ror the matrix‘and they wait, even though they -

,loae‘more by waiting than by an immediate ‘response.

The only clear main effect is that of dimenSionality, with the 2- -D
stimuli, as expected more distinctive than either of the single dimenSions.

" These results support'an»encoding,'or attentional,.interpretation,of

'retardate perceptual deficit, rather than a trace'persistancy interpretation.

The fact that an identification aiding display following tcat stimulusiri

presentation does not 81gnificantly aid recall indicatea that the possi-‘
bility of the Ss "matching perceptual traces" during identification is of ;jp.'

p _little importance.‘ It might be argued that the S can satiafectorialy

match perceptual traces under both conditions of display prgqcnration,

o but the fact that the § would have to maintain a separate trace for each
of the ten altervatives over the duration of the 120 trial séaaion in

ythe no-display condition is highly unlikely.r ith a display present f'h

a -
\

E :
'
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°

after each test atimulus:presentation, on the other.hand, the S would
have only to-maintain a singLe trace for a‘short duration.u Thus, int
. experiment 3 it appears that - the significant effects which were found
4 . .
were primarily the result of the §' s'ease’of’encoding (possibly in~"

L uolving anchors and labeling) under the different conditions.

The trend toward significancé of the display x delay interaction‘
suggests that maybe.at,very short interualséof delay the S can satis-
-factorily maintain the perceptual trace'andésubseQuently'use it to aid

~ recall, while after a ‘long delay interval the S . may no longer be"able
to utilize thert1ace, presumably becamse it has had time ‘to decay.‘
While this finding might be given as- support for trace decay theory,
it must be remembered that it was 0nly a "non-significant trend,"

:The reasoﬂ for finding such a general lack of comparable results

between this and the- retardate studies is not clear but points to some

'factors of potential importance. It seems unlikely that the significant .

~

dimen51on type and delay effects found in experiment 1 »nd 2 would
disappear ‘as & result of using an adult samﬂle of. subgects in experiment‘
3. - Im any event, a c’=ar1y significant bidimensionality effect was

found in, both experiments, thus lending strong support to the conten;ion
EN

) ; !
- that adding dimensions to stimuli is a tremendous aid in perceptual

identificatiOn{;:

\. .




Experiment 4

Comparisons among three types of identification and a discrimination

The results of the previous experiments made it clear that the
process we had called identification was, at least‘on the operational
,level, resolvable into subprocesses defined on the basis of such factors
as the number of stimuli in the set, whether a comparison set (display)
‘is aveilable, the times of presentation of stimuli and display, delay
. of,display presentation?ieto.': ’
in‘the:present experiment we attempted,to extend the range of
- "1dentificat10n" processes byvmanipulating the temporal relations hetween’
f?he presentation of a stimulus for'identification‘End the display matrig.
_The four logical'combinations were used: | | |
| 4no matrix..replicating one of the, conditions of a preV1ous experiment.
matr1x first: the display was presented, then removed before the
N | lpresentation of the stimulus.
o matrix last. again replicating the previous'experiment.‘ The
'sequence was: present stimulus, remove stimulus, present matrix.

simultaneous' stimulus and display presented together.

In this way we 1ncluded a range of conditions from what ‘can be

P

.

1nterpreted as a d1scrim1nat10n (simultaneous) through a short term

recognition identification (matrix last) to. a short-term recall-identification LT

(matrix first) and finally the pure or 1ong tern identification, (no*
R ‘ matrix) ‘To get the simplest forms of these processes the matrix f1rst

' and matrix-last delays were set at 0 sec., i.e., the termination of one‘
and the onset of presentation of- the other were simultaneoua.
’ Again consistent with ‘ouxr- concern- for- the interaction of various e

o

identiticatiOn-discrimination processes with conditions of dimensional U

;53;)
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_MatrixvCOnditions:

. S -Sh-

variation, we devised our stimulus sets so that every redundancy combi-

nation of three separate stimulus d1mensions were included Redundancy

" was always constructed through "linear" correlation, i.e., the values of

¢

the dimen51ons being Ay, Az seej By, Bz eee; Cyy Co .. the 2-D sets

were: AlBl, A9By ... OT Alcl» A202 see OF Blcl, 3202 eee; the 3-D sets

Mere AlBlCl, A2B2C2 sene

" METHOD
Subjects
" There were elght paid Ss recru1ted from undergraduate classes in

Psychology at the University of Connecticut. All Ss served in all

.‘conditions.'

Materialsfand apparatus
The basic apparatus was a large board on which ‘were mounted the
stumulus cards appropriate to one of the’ seven conditions (Lhe “matrix")

The cards were arranged in a sequence of 16 ordered values accord1ng to

-

. the dlmen81on(s) varied in a circle w1th the ‘sequence starting and ending

at theivertical ~In half the casesuthe order (according.to a given

) definition of 1ncreasing) was clockwise, the other half counter-clockWise.‘ h

In the center of the display there was an opening through which the

stimulus was presented. s

.- R ‘: . P : ) ..‘ . N R
I~ No-matrix: the matrix board was covered after the entire stimulus

set‘was.shown; and notiuncovered throughout”the sessionc Stimuli were .

%

presented in the center opening ‘and . responses eoded by the position on.

;. the bosrd of the corresponding matrix card, now covered.l Since the .

) matrix cards were . arranged in a known quantitative sequence it can be

‘wamw
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(and is) assumed that any mistakes reflected the lack of resolving ability
and not a fallure of namlng.’
. /
I1. Matrix‘fifSt (0 sec:fdelay): at eaeh trial onset, S was pre-

sentad with the matrix of 16 stimulus cards moueted kiﬁ‘sequence) on

the matrix board. After about 5 eec.; the cards were covefed by pulling

a screen in iront of the board, and at the‘samé instant the center stimulus
- card was uncovered.' Responses wefe indicated by naming ﬁhe corresponding

-

matrix card (now covered).
'IIT Matrix last (0 sec“delay):‘ at each triai onset,'S was pfesented“;e,
with-the center stimulus card, tﬁe'matrix cerde be%hg'covered.‘ After
about 5 sec, the center cerd was,éovefed‘andAet the\same instant‘the
‘entire set of 16 ﬁét?ix cards was uneove;ed.
- IV Si&ultaneeﬁsly: at each trial enset’theaceneer stimulus and
 set of matr;x_cagde'wefesimulfaneouslj‘exposed~eﬁd left for about 5 sec.,

,then all covered,

‘Stimulus conqifions:; there were 7 different stimulus,conditions
1. Lengthk(A) The sequence of létcards; clockwise or counter-

clockW1se from A ‘to A16 in roughly equal jun .d. units of

\ Lo

1ength (determlned on the basis of pilot . psychophy61ca1 testlng)

“the ﬂ;;nes being made of 1/8"‘tape all of the ‘same brightnessf
. ) }wv K ° i -

.and orientationh(horizontal).

.
\,

2. Orientation (B) was yafied as the angle of a line (1/8“ tapa
of fixed length andvﬁfightness) With the'vertibal axis of the
’ i

,snimulué card. There were' 16 roughly'equal angle steps from

the vertical to - the horizonral.

} * o

Y

3J Brightness (C) varled as 16 ehades of grey in lines of constann

- length and orientation.




o &.'v Length and Orientat;on, redundant two dimenslon.' There wetre

. ) ‘ - N\ \
,four possible matrix arrangements. ‘The two seltes, numberedi

A1, Az oo sy A16 and Bl' Bz <o)y Bl6 were covaried ‘either as

1
1
4
‘- e it ey J

) |
T /,wise on the dlsplay board

. 5. ; Brigthess Orlentation redundant two-dimension, also four ; L\
i . . T : SR S
possxble_serres. I A f///// . et \
'6:f*dtength-B:igEtness redundant tbo-dimension,#four sets - o \A P

v\17.‘fc Length«Orientat1on-Brightnesa, etght posaible arrangementa

P B S ,.\\

’;;' 7'u'iALBlcl6s ‘o A16Bl6CL(f;'l.\ﬁ  e | :
LA, Al6B1Cre d’°'; o ' d_n;}:'; RN T
g ‘;:fffAlaBlcl,.-.-: A1316L16”W | | g
' ;gfdk ”7}_‘each in~ a clockw1se or. counter-clcckw1se order._"t |
A The psrtdcular arrangement (1 2, Wee 16 .or i6 15,v... 1\ of any ‘;
glven dlmension was balanced aéross the 8 subjects, but for each : 77
" ;;}*"Qas the same 1n lD, 2D snd 3D, and under a11 matr1x conditions._ Thus,:" » .‘ﬂHSg
. i the 5 stimulus condltions for 85 wereb" e ‘f%:' f\q
| ‘d;}§ A16. ees Ay . 0 \:y
Ta. sl,»..., 316 | B |
S .4f A16B1, sees A1B16 | | )
K s \\5101» oo 316016.' —
6. 91601’ vees A1C16,v )

S : and wera the same in all matrix condit;ons.‘

] N .
E . . . W IN ‘ - .
\ L . : _ S N
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| ,
{‘ 1. one is set up in a matrix (showing matrix board), cards numbered

e
I‘ l

. l 16 whichlcorzespond to, the data sheet given.;
v ‘

20 the other set w1ll be presented one at a time in, the center.

B 1 v K
}
4

e
U B R of the matr%x board (showing where stimul%s card appears)
”‘) .‘,- 4

Y

L3

LA

i IR
ou w1ll be asked to 1nd1catex?n the data sheet and)orally to»whiéh matrix
| 6‘ . \ B IRy .
Y 4 I :
i’card the center card corresponds.. Please respond

|\ ?‘ ‘ 1 R f;

0nly one arswer should be recorced in each block

\ X

s quickly as possible.

You wirl first be given 8 trials in which the: matrix and stimulus )

5 N ,‘ r

I A
' w1ll be\visible at the sdhe time. This will he

: o Sy
!

|

P with the cards S ,
S g [ .. \ ' . AL A
.\i\ '.“ : . \ L -

fﬂ ‘”‘, After gi“ing subject 8 pra%tice trials (USIHg the sbmultaneous

-

.Procedure'

P Y "‘”“—:’f
.

\r

," matrix conditi n), the experimev\er explai ed which matrix condition uwakmﬂw“
' : o mwm‘“"“ .o

e l"n‘“ serut ’ ,, -
would be used. A correction PT ocedure wa ,usedwwthemexperimenter giving AR
"""" . o
\ .
‘the correct response or saying "correct" immediately. The matrix or

: stimulus card (depending on: thL matrix condition) was left exposed until

,after the correction was given. . \\ft : s _:'Ll. ’; E
J e . . . ST S
;There were 80 tri ls in each experimental condition. The 16 cardsx

were/presented-in random order, gﬂtines each the same‘card“was not

R A I

_presentéd more than two successive times.. S o h
e . - ) ‘ } . . ) ‘.

.No-matrix condition'-f - L -

.
B - . - . e ' N

. The s was given 3 minutes ~to study the matrix board after the practice‘f

\ \

‘ trials, then the board was coveQEd for the remainder of the session..

S




TABLE 1>
EXPERIMENTAL CONDI'“ION p
y . (
MATRIX CONDITION 5
1 «o matrix condition ‘Kii
. II‘~ matrix first with 0 delay
. - |
‘T 111 matrix 1ast with 0 delay
\A‘, {\:”iV»'islmultaneOus condition‘ L
1. orientation and brightneea constant, vary le igth i
‘ Al A16 3 ' -
e . '/
2, brightness and length constant; vary orientation o
' "6 . Bl Bl6 % . . . . » B ' . Lo
3. ngth and orientation constant,'vary b:ightness Wuuwmwﬁmufw'm
C Cl Cl6 . ) . o Nw,,,.wumwnm ‘»5'“"‘ |
. - ’ v - . ) A m““ﬂpﬂiuxﬁm ' t /
4o brightness constant .vary Length andvof”Entation T R
5 T AlBl AlBlé Al6BlA,AJGBY‘? = o SRR X :
o : ' wzgﬂ\“ﬂﬂr - ‘ . R :
h , "S5. . lenlt@ﬁewnétant;‘wary hEigntness end orientation L
o . o 0* Blcl _BlClé6 ,,Bl:&(ﬂ Bl6C16 : L
"l’mﬂm.{urw;‘,ﬂ!“"(""wum / e ‘ ‘ o / '
v B - ,«orientation constant, vary iength and brightness
IR ;; CLAL, CLAL6, CL6AL, CL6AL6.

7. . - vary length, orivntation and brightness h '
R . .ALBICl, ALBLCL6, AlBl60l Al6BlCl AlBl6Cl6 Al6BléCl
T Al6BlCl6 Al6Bl6Cl6 ) '

‘ Subjeet 1: Bl cl, T ay _:ASubject;S; C Al6) BL; al,
o | Alﬂl Blcl, cai, | <o AleBL, BICL, CLAL6,
e L. ARl B T R Al6BlCl |
¢ Subject’'2:. AL, Bl, Cl6, | . Subject 6: - h_Al6 ‘816, cl, |
¢ - L ABL, BICI6, CL6AL | T -Aledls, Bl6CL, ClAl6 |
AlElcle Voo 'Al6Bl6Cl .
~ -Subject 3:° A1/ Bl6, Cl, | subject 7: Al6, BL, c16,
T AVB16, BL6CL, ClAL, | " A16BL,, BLCL6., Cl6Al6 |
‘A1B16Cl R AL e ‘Al6BlCi6
_Subject 4: . AL, Bl6 Cl6 ' | Subject 8: ifAl6 Bl6 Cl6 \ o
< 707 A1Bl6, BL6CL6, Gl6AL,| . - 7 Al6B16) Bl6Cl6 Cl6A16,
- A2Nl6Ci6 R T :A16N16Cl6 o
N ‘ AN | ° ' ’ v : V \ ‘\ f wﬁ ' %'



matrix board exposed at the aame"time.,// e ‘ T

Matrix-first condition L o : o

N
NG

The matrix board was exposed for 3 eeconds, éhen covered and the

_stimulus card presented at the same time.‘% ”

- , ) . . t . ' : . / ' - (0‘
Matrix-last condition S /. Do _ [

, The'stimulua'card was presented forigﬁseconde, then removed and the- = <"

R N S R e

'Simultaneoua matrix'condition' - ke R

. B
LRl
R ot fracesut €V .

< . ; sog

. .Condition ‘ ’ ) ) ) o

2

) condifion. a, 11) vk, (III; IV) F = 10 89 df = 1 ,189; p < W00L e

identification can be operationalized in our delayed matching-to-sample -

R Sl o
o R / ~:-.‘.,,_.~.i_;\‘\

[ : >

The matrix board was available at .all timea, open. The atimulus

card being presented for 3 sec.uat eacbwcrial.,mn,,"m

AT O ST d e . . i

R et

' \

- msms*mn DISCUSSION = T T

- The ba31c analysea were performed on transmitted information acores IV

. . . ::’
* / ) .

calculated for each S in each of the 28- conditions. B T ’ ‘J‘

[ - . . §

/;; Matrlx Conditlons (see Figure 7) Analyaes confirmed the major _

hypotheses about thenwcrix conditions.

n_.
-

1) The simultaneous (discrimination) condition is significantly . ,~:i -

better than any of the other thref.« . T R o
. , - L e
o2y The matrix-last or recognition-identification condition is .

\
,...fﬁ

superior to matrix—first,or-no-matria but not as high aa the‘SLmultaneous
f33)l’ There ia no. difference between the matrixvfirst and no-matrix .

(I)v (11)-. F<1 (III)v(IV) F=491 df=1189,p< os. IR
These resulta confirm and" considerable extend the conclueions emerging o

* . i
from the prev1oua experiment' :

;

fi) The procesa dimenaion whose end points are discrimination and

SR
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N;%'_> o procedure, w1th the‘critical parameter being the temporal relation e
‘ ' ‘ e "
e ‘n - N . - :
between stimulus and response matrix. , o '
: N 20 e ‘ @

ﬁV ii) In identification some. sort of short term- trace of ‘the It dged
‘. . : . .

stimulus is involved in the PerCePtual decislon.'.dw

i

1ii) The Judgment process in identification does not make uée of any

e

kind of short-term trace of the set of possible stimulus'values.A This

is a rather surprising result. Evidently, at least when the number of - vf»f o

. response categories is large, the organism cannot effectively use the - ﬁh'

short term information available fr0m»the whole set. The present results‘f”t:

-
. ; -

<

.S

, suggest,‘although not conclusively, that S cannot even use the displayk

A MBS A m-.\o)’v.uv VA PATYA LT AAEN 401
£ -

-

///Wf to. strengthen a smaller number (as few as two?) of anchor points as an ‘ih‘.”

//// Lo aid to- categorizing the stimulus.‘»f,7 - o S T e L

N - . . A N . il
oLt : - : ¢
'4:’ « N

‘:’f_ T A major cOnclusion from this is that the identlfication process LT s
: LR T S , :
o , lnvolves Lhe construction of an ordered set of Iong term representatlons, L

a ,nor affected by 1ncoming con81stent information (although it may'be by U
- , / e ‘ % L

« AL g

" new 1ncon81stent 1nformation)”/The relative stabillty of the judgment f;ju‘.ﬂﬁ~2atQ(

%
Pl = B 4 Sy

standards suggests a number of difficulties in reconcrling the Judgment

| - , . o
‘=(;,/' data’ with the general findings of adaptation-level research for example.

e
e i .

" Ca ' v ~ ™

j:.'It also, to the point of the present project, suggests the dimensions

ipalong which reterdate-normal and developmental parameters of identification

o -‘ . mﬂy 07»« ayplored'. - - | l ” :“/ : | ’ ' " | .
5 ‘Aanimension Conditions. (See Figs. 8 ‘and 9) . - .
The main Dimensional effects again demonstrated their 1mportance
o "”“in identification.. o 'i o l_"~,/'h"
'/’ : ‘1)” The 3 D condition was significantly better than the one- Or :
o © two-D, (F. = 19.92; df ='1,189; p < 001). ’ - .
r‘

2) " The 1 -D was significantly worse than others (F - 72 27, df =

.- | FURRERET RS 1A 189, p-< 400L) - ,\_13 R o ‘;‘ o
EMC 7 . . ‘ - o e 1 . 1:"‘! ) K ) ce | . | o ‘v., ,“ K ,

e
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Redundant 1nformation of the kind :in this experiment makes stimuli

LT

more distinctive, over all conditions of judgment.
- 3) Withln 1- D conditlons, results of earlier studies were verified
L}
- in that 1nformation capacity for Length was much better than
for Orientation and Brightness (F = 10.51; df = 1, 189, p < 005).
’ This is probably not a result of much 1ntr1nsic 1nterest, i €ey
it may not. reflect 80 much the qualities of the dimensions;”‘
" as the limitations of the stimulus waterial, The’ question is
tworth pursuing, but needs better equ1pment and a refinement of&
experimental techniques to get to.a definite conclusion.“

4) Consistent with the above is that the 2 D results differed

mainly in that Ihe comblnation not involv1ng Length (OB) was

- {_: . "marginally lQWer than the two 2=D conditions which did (F -

+3435; df = 1, 189; p< .10). e

: {
[

rInteractions. (See Figure 10)

The only surprislng result was that there were no 91gnif1cant

o interactions between the Matrix and D1mensional conditions. The only/

_ mar1g1na1 result (F =3, 62 df =1 189, p < .10) was" that the differencemﬁ<

between 1-D and 2= or 3 -D was different for the two best matr1x conditions'

LY

(I II) than for the two worst (III IV) corresponding roughly to a

' d1fference in the slopes of the two upper as compared to the two lower

- curves’in'Figure 10 ‘ The result, 1f replicable, is noteworthy in that‘“

the 3- D redundancy effects are greater in the better cOnditions (where‘
ceiling effects might be expected to cause a smaller increase) than in
the poorer ones. This'is an§ther result»which~shou1d be,followed up .

withlmore‘fesearch;' L Lo B P

&y
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Experiment 5

Comparisons of.ldentification' _discrimination and type of dimensional

combination w1tb retarded children
¢ : !

In this study we extended the ideas developed in. earlier studies

about the 1dentixitat10n discrimination contlnuum and the effects of
o . : ‘,

combinir © perceptual dimensione to a retardate population. The chief

aims of the study

% -

1) Deternine the channel capacity of our” retardate group for

i

stxmu11 encoded in one- dimensionally arying sets and in various two-
dimensional sets. We hoped that 1mproved equipment and techniques would

yield higher and more stable 1nformation transmission nates than we’ had
x\' 3 %%,-,';;;’ . . . ~ . y

Leen able to achieve in our earlier studles.,f’; - )

y e . .

2y Obtain basic parametric data relating to the discriminative

2
%

and identification capacities of our - population. Our earlier analysis f

P

had poxnted to the delay, d between the offset of a stimulus and the

onset of the resgponse matrix set as ,a crucial parameter, w1th d > 0

~ defining the condition identification' and d < 0 (m’ipl‘ying some overlap

~ -

of sthnulus and response matrix dn4time) defining discrimination. These

&

two conditions were the first’ of the maJor variables in’ the study.’

,3) Verify the l D 2-D effects, expecting that multiuimenSLOnal

variation makee for more distinctivé stimuli., To this end we included
. - T ¢ - ) . . P
- two 1-D sets,- one- fo* color, the other for size’ Co e

- E)

C4) Discover the effects of varying the two dimenaional 1nformation

redundantly and non-redundantly. Two,redundant sete_andVOne non~redundant

(orthogonal) set were used. ' . -
. [ 1_7 L Lo ) ) .
‘?5) Qompareathe two: most extreme forms of redundant 2-D encoding

(4

»,.',(,. .

(linearly correlated and "aawtooth” sets)

; Y
i !

/
[ i
ol
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. Y

6) In a less formal way; try to develop an effective shaping

v‘procedure .to bring the s population to the point where their performance

could reasonably be interpreted as leflecting thei? perceptual capacities "
L -

and not any of a myriad of extraneoubfactors.
. “\ :

’§,MEIHQD
Suhjects

<

There were 5 independent groups of 5 Ss.each, 25 Ss in all, drawn

" from the population'of the.Mansfield Training'School" Ss‘were undif*' e

s
~ — Ao n .

3

;}ferentiated diagnostically but showed no °v1dence of gross sensory\or fu

-
a

motor 1mpa1rment. MA.levels.were‘balanced across groups thhln the range
of six to eight'yéars._ All the chlldren had prevloualy served as snbjecta

in discrlminatlon learning experiments and all attended classes~&t—thc
Lo

Pl

Procedure T : S °,

5

pparatus. " The matrix.board‘described in experiment two was used

| i

such that the stlmulus matrix was presented in a circle witH the target

\
N

stnmurus prceented in the center of the c1rcle.~ N

Stimuli consisted of circleu of v;rious diameters and’colorS'depending

4

" “upon the'condition. There were | total of 5 conditions, Z un1 dimcnsional
) conditlons, (size, color), and 3 b;~dimensiona1 condltions, (diagonal

iOrthosonaly/aawtooth) , o g [:t_-;ﬂw g o

EQCh subjec Was presented a atimulus while the matrix waa covered “;

‘by a sllding door and then presented with a matrix of 2, 3 s, 7 or 9

\

Hét:alternatives, one ot which exactly matched the targef stimulus.. The 5 8

k*fon the part of the S.' >

ﬁhtaak waa to point to the étimulus in the matrix which exactly matched

“c,the‘terget atimulus' in this way, fo verbai\communication waa necassary

© » . &{ ' N C Y
.‘
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. e

u

Design.” A between subject deéign was .used, where each § was run in
only one stimulus condition in ‘a series of 3, 4, or 5 experimental

S

. g W o .-
sessions, depending upon the performance of each S .in each condition.
) ot ; 3 e e :

Two temporal conditions were also employed a '"discrimination" condition

(in which S was shown the target stimulus immedlately followed by the o

stimulus matrlx in tlme and both were shown simultaneouslv untll S made'

«

1 response or'S“sec. had'elapsed); and the "identification",condition

" . .on R - .
L . @ ot f,

taken away, after which the st1mulUs matrlx ‘was shown 1mmeﬂ’étely (zevo-
/

,,,,,,,,,

\\,, PR a second del&y) g then had 5 ‘sec. in whlch to’”’espond° REinforcemcmt'was

SN o admlnlstered verbally ant in the form of M &M candies wh1ch were b - -

s
J‘[b i
- / t

“admlnistered perlodlcally and wirh the choica of a;toy which was admin- = -

- e

1stered at the end of each experlmental sesslon. lAll"Ss:were first , o -
- ) i Ve . e .

. ) presented thh the smallest stimulus matrlx with the drscrlmlnat1on

- B T e -

) ”W,COHdltidn presented first,'followed by the ident,fzcatlon conditzon before

e - ~ ' o - € i‘ '
moving on to a larger stlmulus matrix in ascendxng order.' o

Order of ;presentation

- Nos df\alts in - . 1 gﬁll~? T . o
o stlmulus matrix 2.2 3 3 575 7 7.9 9 :

: temporal ‘ : ; . : : - -
e sondftion'_ff.“n b I p- I D I D -I D 1

w o K] o o2 f

.~

Stimulus Conditlons. Stimulus aeta.were made up with ardered values

-

N
R

'on the £woO dimenaiona 3 Al, A2’ voe Ag, By, Bz, eas Bg determined by a 4 ¥
; %ﬁ . ’ ) - & 5

prelfhinary/pllot atudy.‘ PN o ';n; . % Ce ' hfr4~ ‘“l,l”; k&

)

. . . . e e P oL : . : = N

: e Lo e e e S o LA o ' V& s

B i . AT - SR : . X . - . . o - 3 -

T RN P S . ST : v el L Ve . . . .o i

- R o ’
o _ et el L w7 K . . "
P v e G i e T S S L ‘ SRy
S g . : . : ~

O Conhe L T DR e el e b
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A2 1

A4

(A5

A6
A7
A8

AS

and the sawtooth as fqliowﬁ. SR " : L ' -
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i @
¢

ihe'fﬁil (n = 9).ortﬁogoﬁaL Bidimensional set was taken as the

' : . : : ) numbered values oo
Bl B2 B3 B4 BS ~ B6 'B7 - BS B9 '

1 : 16 SR 3 . below, 1In the orthog-

f .. . . - ‘\

> !

N  onal tondition with |

n =3, 5, 7 the values

ES

were taken in the

9 o 3 . . Cy ‘sorder indicated. Note-

‘that the 'subsets of

LA e - , - I . size <9 are not

>

. themselves arranged
" i |8 ' 2 f a5 orthogonal combi~ ,
. ] . .. - . ! 1 II '.‘ . 7 ‘ -] :
] f nations. .

~ ; /’ .

O R T

The lineat correlated sets were Bb;aiqéﬁlgccording to the following - ._.

i

v - - 1

| . T et S TN VOO O

‘;Qscbedule | e [ I . !

. . > ' .
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f
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\ M. B2 33 B4 BS 36 B B§ B9 .
A2 8 .
N M - ,
l‘) ,A[‘_ a 1.{? , . - | . ‘;. 'i ‘ ’ 9
N AS T “ & .5 .
A6 7.
7 . -
A . 3 y
A8 6
Ny e A9 1 5
S . RESULTS AND DISCUSSION

B
.

A transmxtted information measure (T) was calculated for each 8 in

i

each condition.- Tbe mean T over Ss for each group/by process (stcrxmlnation

-

s, Identification) as a function of Stlmulus Informatlon (the "channel
//,,,m,

R o i

capacity" curve) are p.stted in ;;gures 11-15. The dotted line (slope
of 1 J) vepresents the upper limit or p rfect tranemission.
A most impressive. feature of the whole set of,deta'i that relaﬁiog

'to%bointsyl) and 6) in the introduction, As compared for example'ﬁo’che.

‘same klnda of functlons calculated on a compahable subject popularxon

“with conparable acimulus dimenaion, performance in the present experi~

“ *

.ﬂment is,much bette: (more‘informacion trgnsmitCed) and more~reliable;

elﬁoet to the point where fhe‘;poer i}mié‘was being épproached. Ovef
i ail = clear ohat cho }+$;eqoestion, is the shapiog orocedure Qdequafa,i :
’ . e .
can be ensweredVéﬁ,h maw,,xxy. Certaln Ss in certain condmtxons from:
\ 't‘me to time showed lapses of attencion and susceptlbility oo distr&ctioﬁ

Tfrom extramexperimenta‘ sources, buL thene were considered m(nor and f
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capacity functions for the size dimension. K
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Figure 13 .

Discrimination and identification channel
capgeity functions for the_orthogdﬁél

bidimerisional combination.
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irreducable errors. The'results were better than we had hoped or antici-

pated; performance was so generally good in some conditioﬁs that the

information capacity oes not approached. For this rcason the results of

the’ presenr experiment cannot be considered a completely adequate description

of ‘the transmission (1dent1frcatlon and discrimination) capacities of

these Ss with these stimulus sete, the errors being in the direction of
"underestimarion with the more distinctive eets;

2.  The procedore distinguishing idegrificationcfrom discrimination

was, in §oite'of'the general high level ofvperformance, eXtremely effective.

The differenceés were, in ail dimension conditions but the 2-D or:hogonel
“(which was close to ;erfect under both procedures) consistently if only‘

slightly in favor of the discrimination. That the separation of the two

o N ,

functions is not greater may be attributed to at least two possibilities. oo

a) ° The identification'functioh,<which "should" be-at asymptote
.at n = 9, assuming the dimensiohe'to be simple (with the-1-D sets)'or near
::rhe opper.limit for these Ss‘with cheZZ-U set,jappears in allicaees to ba
,st}ll rising. Our §s; in every condirion, are operatingAat helow‘their
. : - capacities (on the ayerege). This is due to the onexpectedly powerful
.success of our'treining procedures, and the use of the dimensions of size
and color which are not as eimple 4% others.,

bi Jusr as we are measurlng a better than minimum identification
capacity with our procedures, the discrimlnatlon fuhctlon'tends to be lower
than maximum, beeause of the limitation om scan time (5 sec.) and the
spatial eeparation of test and comparison stimulus cards. With "better"
L dlscrlmlnatloh operatlons,‘theltransmlssron curves would likely continue
upward‘more sharply than 1nfthe presene case;‘\It is, however, a poe51b111ty
and in important one, that the 1eve11ng of the d1scr1m1nation functiouns
Qo : represents-a real difference_in processing capacitieo between reterdate

ERIC B

Aruitoxt provided by Eic:
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and normal control populations. This must be explored in further

comparative studies.
3. There is a very clear effect.of increased dimensional variation

N

in rYaising information capacity, even against the high levels of performance

in the 1-D condition., This is a verification of all our previous findings.
The effects of dimensionality were analyzed in this experiment

4,
Although

for the first time into .redundant and non-redundant components,
much of the speculation and theorizing about dimensional effeczts has been
based on the assumption that redundancy is necessary, the present results

are.overwhelming in showing that non-redundant 2-D information is even more

effective. Redundancy as such is perhaps of minimal importance. . The most

‘obv1ous 1nterpretat10n suggested by these clear results is that the

dlmen51ona1 efféct reflects both the number of alternatlves to be resolved
. .‘/ .
and the number of resolution categories on each of the component dimensions.

(Another factor, logically, is the degree to which the component dimensions
can be separated perceptually, i.e., dimensional independence.) 1In the

1 o _ ‘
orthogonal set, although no information is redundant, a correct identifi-

i . o
" : cation can be made by resolving the test stimulus into one of only three

; ; A 0 ,

; classes on each dimension, whereas with the redundant sets all nine values
' r, This result is certainly the one of most import in this

: on each appear,
experiment an? demands much further experimental investigatiuii.

5. The effects of different redundancy codes is alse of some theo-
retical importance, both to the ggneral perceptual problem and to the
"Again generalizations are limited by

nature of the retardate conﬂition.

o - : N
the fact that SS\are mot pushing at the1r proce551ng 11m1ts, ‘but there is

! ‘
no doubt that in the range of values studies the linear correlatlon set,

| the one most commonly uged in studying redundancy, is poorer than the

| .
- . - \

Aruitoxt provided by Eic:



"sawtooth." An expiahation of this is difficult to come by from the present
data (and from previous studies),vbgcause there is no clear way to generate
2-D sets which do not confound ‘& number of parameters, One possibility,

¢ . ’
suggested by Lockhead (1966), who found a clear superiority fo: the saw-
tooth over the diagonal set, is that the average distance of stimuli in a
2-dimensional psychological space is maximized in the sawtooth redundant
and minimized in the.linear redunéant set. Another possibility is that
the sawtooth set like theyorthogonal set dividés the stimuli iﬁto»j‘lévéf;
of judgmént for each dimensioﬁ.‘ Further clarification must come from

additional research,

) '1 , E ,3,
N
L | 7 A ]
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Experiment 6

Coding effects in short-term memory

George Miller (1956) pointed out that the qapacity of short term

memory was limited and that this limitation was of the nature of about

. seven units, rWe_use the vague term "units'" because some doubt about the

precise nature of the limitation still exists., Miller felt that the units

in question were what he termed 'chunks", organized clusters of material
wnich couldduary in information content. Later, others (Hyman & Kaufman,
1966) suggested that’the short term memory limitation is in terms of
information rather.than chunks and that very short term memory may not
involve explicit chunking at all, because chunking takes time (Lamb &
Kaufman, 1966)n In a more recent attempt to resolve the problem Klelnberg

-and Kaufman (1971) have suggested that while chunklng takes tlme, given

that necessary critical'amountmof time, memory is constant for chunks,

If, however; itlers is not time enough for chunking then memory is constant
N 3 g

for information. To suppoct their contention Kleinberg and Kaufman

demonstrated that at very short tachistiscopic exposure‘times'subjects

who had learned to code or chunk st1mulus 1nformatlon did no better 1n
recall than did subjects who had,not learned to code, However, at longer
exposure times the difference between’coding and the non-coding groups
was large:f |

wnile the hypothesis that coding takes time ano is not very effective
at short exposure times has received support from sources other than the

Kleinberg and Kaufman study (see Ganzer & Flelschman, 1967) a problem

ex1sts./ It is clear that some kinds of coding must occur at very short

. /

' exposure times if we. are to dlfferentlally pexrceive certain organlzed

stlmull as. opposed to less organlzed stnnull. For‘example, it has been

petnyt
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demonstrated that whole words are as accurately recognized as isolated

letters (Reicher, 1969; Wheeler, 1970), at short eéxposure times., Some

kind of "word organization" must be responsible for this recognitioen ability,

¢

The' questién of whether this organization into words or'chunking alsd worké
to increase the limits of short term memory is not answered by fle recog-
ﬁitibn studies which characteristicaily use oniy one item., The three studies
of this SeCtiQPw?ll speak to the question of coding in short term memory

and how it iﬁfluences capacity at short and longe? exposure Eimés. Thé

first experimeﬁt‘deals with stimulus‘materials which do not incluae words

and fbr which'a code must be 1eafned in the experimenfal situation. The
next two experiments do deal with ”naturaliy” coded word-like items as

wéll as non-words.

The questions asked in this experiment are the following:

(1) Does the relation of performance under explicit coding or

.chunking conditions to performance under non-code conditions remain the

B "

same at varying levels of short exposure time

(2) Can explicit chunking be effectively turned on and off by

practiced sdbjects.

METHOD
Subjects
Four adult subjects, including the co-principal investigators, one

graduate student and one undergraduate, serves as:experimental subjects,

kApparafus and Stimulus Materials

-Stimuli were presented onm a two field Hafvard tachistiscdpe,-with

& mechanical timer with.a range from one. second to 1/100 of a second. "

The stimuli,conSiséed of all possible combinations of the letter "S"
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and "Z" in nine unit horizontal arrays of three groups of three letters

_ecach.” The letters were typed in large black block print on rectangular

slips of white paper which was then centered on while 8-1/2" x 11" card.
] .-

All possible combinations of S and Z in three trigram groupe were constructed

making for a total of 512 cards,

Procedure and Experimental Design
:Each subject sérvéd in all 'experimental conditions. A sequence of

three coding conﬁitions, no code, code, and code of%“were run and{witﬁin

eachbcondition, éight presentation times (800, 509, 300; 200, 100; 50, 25 and

10 milliseconds) were used. Ten daily”sessions of approximately 30 minutes

hog

per session were required per subject, with the first four sessions being S

non code, the second four code and the last two code off sessions.
. ¥ .

In the non code session § was seated in front of the tachistiscope,
told how to use the machine to initiate each trial, given a few practice

.. -

.trials and told to start each trial at his convenience and immediately

record what he had seen on a lined pad appropriately numbered for the trials

;
N

e
4

p . . R

within that daily session“ Sixteen trials at each of the eight exposure
times made up a daily session. Four such sessions were run and the 512
stimulus cards employed in a xandom fashion with the restriction that the

number of trigrams consisting of only one letter was equal at each 3

presentation time. This precautlonary me35ure was taken to prevent any

advantage due to implicit or perceptual grouping accrulng to partlcular

" exposure times. '

Follow1ng the non~code session, each S was given an octal code for -

the elght combinations of S and Z in trlgram forms. He was permltted to

practlce this code in any way he saw fit untll he had thoroughly learned

it. After a few days hewwas then returned to the tachistiscope and once

/
/
/

/
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again run through four, self-paced, daily sessions identical to the non-
code sessions except that his response was the code designation for each

trigram rather than the letters themselves.
¢

After the code conditions, two more daily sessions were run. Again
\ .

these were identical to those run in the other two conditions, but S was

-

instructed to ignore the code he!had learned aud record the trigram in

letter as he had done in the earlier non code condition. Only two sessions

N%ka“ : were run and hence only half of the 512 cards were utilized, but as was

A

the case 'in both earlier conditions the cards were completely randomized
across sessions and presentation times with the restriction that some

number of one letter trigrams appeared at each presentation time.

RESULTS AND DISCUSSION

Cne of the assumptions of this study was that because of :he nature%

of the task and the number of sessions and memory trials within a session

\bractice.effects would be minimgl. It was for this reason that the code

and non code conditions wexe confounded with experimental sesSions. However,
inspeétion of figure 16 reveals  that this acsumption was unWarranted. It

is clear that practice sffectékopcurred éver all ten sessions. It also
appears to.be the case that while coding may have depressed performance

when it was first initiated, this dépression was more than compensated for
by increased’practice. The.confounaxng of practice effects and coding

effects make interpretation of our data somewhat difficult. The problems

are illustrated by Figure 17.

At the top of the figure we have presented hypothetical performance

curves for our longest (800 msec) and our briefest (10 msec)-presentation

P .

times. After a brief initial practice or warmup effect the non code
-performance might be expectéd  ziabilize at both presentation times, with
O
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Figure 16
" Practice effe?ts in all experimental conditions.
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Figure 17
; Theoretical and empifiéél effects of .
e ‘ coding and non-coding -at the )
shortest and longest exposure times.
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a_lower performance level at 10 msec..of course. Code performance is what

might be expected to interact with the two presentation times as the figure

indicates., At the longer exposure time code performance should, after an
)

initidl warmup rive above the asymptotic level of non-code performance,:

because as we indicated earller when there is time avallable for codlng it

o

: should prcvide an advantage. At the short exposure. time, however there

is no time for expllclt cod1ng and hence. code performance remains at best
/ o

at asymptotic . level of'nonjcode performance. In the hypothetical. level

~

/

f

than non-code performance, because Kle1nberg and Kaufman (1971) found that

we have evfn provided the coded performance at“lO'msec.'with a. loyer level

not only was codlng not effectlve at brief presentatlon t1mes, but it”

;Waptuelly depressed performance relative to a noncode group.

An'inspection of our obtained data in the.lower part of the figure
P .

- 1llustrates the problem of confounded pract1ce effects. Wlth the exceptlon

of the lOth session in the lO msec. group, the performance in the code
!

off condition is better than the performancetin the‘preceding code or non-
) Y

code .condition. There is also a general trend of improvement in all

'sessions for all presentation times as illustrated in Figure 16. Because

of this‘we'canﬁnot say that the superior performance under code condition

at'lO'msec./;epresents unexpected coding effects:at short presentation

tlmes 81nce pract1ce may be as ‘likély an, alternat1ve hypothesls. 1t is

qu1te clear that code performance is not at all 10wered with respect to

=

the‘preceding non-code condition} The code performance at the_800‘msec.

presentation time ddes not show a marked improvement over -the non code

~performance and is lower than performance under code off conditioms

because of the practice effect.

While the data of this experiment did not provide unequivocal answers

N

ey
&

/
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.clearly affected by practice.

question of manipulation of codihg by ingtructien.

{
N

V

to the. questlon of coding at - Drlef presentat1on tlmes they did provfde

some valuable 1nformat10n about presentatlon time effects per se. The

. very regular presentarion t;me data illustrated in Figure 18 enabled us

4 o, S //
to choose a range of exposure times For the two: following e\perlments.

whlch make the comparlsons under ‘ation more meanlngful.

With respect to ‘the two ma ~tions or1g1na11y pObed for this

experiment is there a dlfﬁerence in code and non- code performance at

N
l‘*"

‘dlfferent exposure times, and can coding be turned on and off by the sub—w

ject, the answers are unclear. The ‘code-non-code differences‘foend 'mder
differenr é;hosure times were not:in‘rhethpothesizedldireetidq and were
Practiee coetamination also dbeegredwthe‘fﬁ
. ﬁdwever, both these
questions are~£diché£fi5§é§£igacéd rnnthe followingrtwo‘experiments,

g e

pamtoer

/ [ R,
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Presentation time effects./
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Figure 18
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Experiment 7

Shdrt-term-memofy3capacity for words and non-words

Although the outcome of experiment six was somewhat ambiguous, its

datg and those of other studies (Glanzer & fle‘schman,‘1967; Hyman & Kauf-
man, 1966; Kieinberg & Kaufman, 1971) poin; to the fact that éxplicit
\\\\ coding does not increasevmemofy‘capacity at short exposure ;iﬁes. However,
‘as w¢ have pointedlout previousiy, it-is Very/clear‘ﬁhat some kipds of

!

N ‘coding do affect percéptual‘piocesses,liké recognition. The fac% that
|

\

\ words are recognized as accurately as isolated letters (Reicher, 1969;

- éeéler,,lé?OS attests to this factﬂ*‘If a wofd is‘re;ogniéed more easily
.than an gquiVaient sized series of non-word leﬁteré it is because éhis
word is coded into a single unit as épposed to thé isolaied units of the
. . ‘ .
noh-word. Whilé this coding @ay be a function -of many things, familiarity
or practice, ﬁeaningfﬁlnéss, prgnbuﬁciability, phonémic quality, etc.,
:Ehe fact that it operates at‘short‘exposure.times is what interests us,
It seems to have been assumed that since recognition for words is ‘clearly
superior ;o‘non-word‘rgcognition; that memory capaéity for words énduld
exdééd that for ﬁon-wo;ds wheh.stimulusbmaﬁérial is presented tachisti‘
scopically.v Therekis 1itcie empiriéalbevidgnce to SGpéort that apparently
reasonable conclusion{ and if it is-the case that.codihg takes time
pgrhaps_such Shdrt-germ mémqryfcapacity diffefencé may not exist.  For a
'Single word ;here‘maybbe ¢n0ugh_time in a b;ief exposure ;o exfract the
\\\ : 7 code and ﬁeﬁcé recbgniéehit, bu; is thé:e enough time for coding when
N ’ } heavier deménds are put upon the subjéct? This expérimeﬁt exploreé the
}\\ relation between presentation timé and the wérd 1ike chéracteristics of

\ . stimulus material in their effect upon memory capacity.rather than recog-

\ nition, Four levels of word quality are combined with four presentation

ERIC B ": 5 o ‘j o -89-
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ey e

. N e .
times chosen as representative on the basis of the results of experiment
H

{
S1lXe )

¢ METHOD

Five undergraduate students .were paid at the rate of two dollars an
hour to participate in the exp eriment, o

.

Apparatus ‘ ‘ | \!

Stlmull were presented on a two channel Sc1ent1f1c Prototype tachls-

“tiscope,’ w1th a pre and post field mask consxstlng of a 'solid black Trec-

" tangle coverrng the‘area in which‘the‘stimulus letters appea‘red7

Stimuli
v i
' ‘ 1t

The'stimulifconsisted of three_trigrams typed in black letters and

~centered on a 3" x 5" white card. Each trigram was constructed from a

pool of letters’ con51st1ng of the elght consonants N, B, J, T, D, G, P

and v and the four vowels A, U, I, and 0. All posslble combinations of&

three types of trigrams,‘Consonant Vowel Consonant (CVC), Vowel Consonant

Consonant (VCC) and Consonant Consonant Vowel (CCV) were generated by a
[ . s . 1 - ] S ‘
computer program and the required_trigrgms\randomly selected from these.

Four types of trigram;groupings wereuse&:. The most word like consisted
' . : ' . R . \- . .
of three CVCs and was labeled the 3-0 condition. The least word like

consisted ' of some combination of CCVs and/or VCCs and was designated the

. 0-3.condition. The other conditions were 2-1 (two CVCs and one non-CVC)

-and 1=2 (one CVC and two non-CVCs) Slxty-cards of\each type were
randomly selected with the restriction that an equal number of .VCCs and

CCVs were - 1ncluded in all non-CVC selections.

)
4
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Experimental Design
presentatio

Each S was presented all four stimulus conditions at each of five
4

o

n times (800, 400, 100, 50 and 10 msec.). Although the
trigram groups within each’ of the four wordlike cond:

noe

L Ly
cted, careful counterbalancing of stimulus cards by presentation time

and subjects was carried out to avoid problem

s with particqlar letters.
combinafiong. The’céumterbalancing cc..istec of dividing thé tot;l number
stimuli (240) into five‘gn»uﬁé of - % each, Witﬂ each group contéining
of each stimulus type (cohdition). The fie groups were then balanced
a Latin Squére desizn Wifhkthe five subjecxcs and five preseptation
times, |
Procedure

]

~Each § was zun for two daily sessicus.
tations times were given in descending oxder

Az each session all presen-

Zrom 800 to iO mseé. with
;éii cards of each condition at each presentation time. After each daily
session all the stimulus cards Qeie shuff.ed normally amd regrouped for
the next daily session. During this regroupinig

2

some imbalance occurred
in the number of stimuli of each type per each presentation time.,  The

imbalance was minor, however, and the regularizy of the data indicated

, mask. - Upon the word

A trial besgan with S fixated upon the black rectangular pre-field

that it had little effect on the operation of =he indepandent variables,

. . ot . )
'ready" from E, S could activate the stimulus field
\ by pressing a button when he felt prepared to do so. The mask returned

after the designated exposure time had elapsed and § were instructed to
write what he has seen on his fespomﬁe ~eet,

§ .

o
~

Instructions were given
to write all thw lecters he had seer in their eppropriate order., If
could remember i: .ztter in a tirigram but not the ‘cme preced
Q ‘ .
LRI -

irg #r following
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it he was instructed to indicate the omitted ones with dashes. At the
beginning of his first experimental se:ssic S was told which consonants
and vowels made up the pool from which the trigrams were drawn, and was

4 R o . )
. also instructed that a single letter could appear more than once in a

particular stimulws card.
Eight warm up trials at 800 msec. were given at each experimental

session.

RESUL':[‘S AND DISCUSSION
The response measured was number correct 1etteré reported. To be
designated “as, correct each letter hed to match the stimulus letter in
‘position as well as form. ‘Therefore, even if all nine 1etters of a
partlcular stlmulus.card were reported, only those which occupled the

1dent1ca1 p051t*on they had on the stlmulus card would be counted as

// s " 1

correcty 'j
‘“ Because of the dmbalance in typebof.stimulns card produced by the
manual randomization, analysis of the data wae run on mean number'correct
1etters rather than totel number correct.: ?hat thfewaeasure'ie a useful
. one is attested to by the very‘regniér:détefreneaied'in Figure L9.

An inspection qf Figure 1§;reveals consistant differences among the
levels of both independent variables., The more worddlike (énd hence codeable)
the‘stimuli the Better thebmemdry.. This;effect was reguiar'atrall pre-
sentetion times with the 3:9 group,previding the.nighest recall 1e§e1 and
the 0-3 the worst. The other two groups (2-1 and 1- 2) ordered themselves
approprlateiy with respect to number of word 11ke units. An overall test

~ for the word cpnditions produced a significant F of 11.49 (df = 3,76;

p < .00L). The effects of presentation found in experiment six were foundi

heres as well,lwith‘the'presentatibn time F = 26.30; df = 4,76; p < .Odl).
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Figure 19

Recall with varying presentation time

for all trigram conditions.
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In experiment five it appeared that explicit coding”@as not helpful
over

the range of presentation times studied. It is even more clear in

the present study that the kind of coding which is responsible for word
¢ . .
peréeption is very effective over the samo range of presentation times,

If it is true that the time of coding represented by learning the explicit
<. ‘ ,

octal code requires time to operated effectively in short term memory, it

is equally true that the kind of co&ing involved in word perception does

not require that much time .to operate effectively. The question of coding

and memory for words as opposed to non-words is further explored in the

final experiment,



H
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octal ‘code'of experiment six must be a crucial one. As we suggested many

Experiment 8 -

The effects of coding and response mode upon short term memory for

‘words and non-words
Y i

In experiment-six we discussed the possible effects of coding upon

a

'performance in short term memory tasks. We cited the hypothesis of

Kleinberg and Kaufmahv(l971) which stated that since coding was a time

consuming process it would prove ineffective at very brief presentation

T

Id .
times but quite effective at longer presentation times. The absence of

- any difference between ‘our code and non-code groups in experiment six

>

spoke toward ;he éccqracy‘of thagﬁhypothésis, despite prdbléms of inter-

pretation produced by‘a_large practice effect. However, expét}ment seven ’

‘deﬁbnstrated quite cbﬁvincingly that some kindzpf coding was effective at
X .

brief preseﬁtation times. Consdﬁanf vbwel consonant trigrams were rg—

membered much better than were CCVs or VCCs,e\gn_at the very shortest.

.presentation time. Ciearly the difference between the word code and the

A .
dimensions’of.diffeience may be considered. The familiarity or amount
of'praéticé asséciatéd with”each type of édéi5g is>one such factor.
3A1though we attempteq‘iﬁ experiment §ix to ‘give extended practice»with
thé;octai code, the tdtai,amdunt falls far short of the ﬁumber of times
the normal_adult'ﬁas said "cat" u;oﬁ seeing '"CAT." Another possible

difference lies in the meaningfulness of the éymbols; The number of

N . L i L .
associations to "CAT" is probably far more extensive and those associ-

;ations more organized than those we get when we code "SSS'" as '"zero."

In aéaition to these differences, the prdnodnpibility of words as opposed

v .

to non-words iS«a possible factor affecting coding effeéfi§€ﬁé§§TMMWH{Ié

these factors are in and of- themselves interesting there is another tack

“95-



which may be taken in an-attempt to understand the effects of coding in
short term memory. If we accept the superiority of the word code to the
explicit octal code, we might ask how the word code operates? Does it

, ¢ _ :

mak'e the input of information into the memory system easier? Does it

farilitate output or retrieval from the memory system? Is it at all

’

~—

manipuable via;experimentalfingtruction? It is to these‘questions that
the present experiment is aodressed. "We also have attempted to,replicate
the superiority of worde.to’non—words found overithe presentation times
of experiment seven and have further ektended the presentationttime range

‘to six seconds. The rationale for this rather long presentatlon time lay
in the ev1dence provided by Klelnberg and Kaufman that explicit coding
of the sort we usedvin experiment six is effective at this presehtetion

itime, WeqknOW'that word coding is effective at short ttmes, if it has
reiatively greater effeotivenessbat this longer time its similarity to

.the explicit code in at least one empirical sense is demonstrated.

- In order to discover whether Qord coding operates at the.input ox
output level we instructed subjects to remeober and/orx report‘etimulus
gateriai in either syllable or letter form. Stimulus material consisted
of word like CVCs or non-word likq‘VCVS and CCVs. All reasonable combi-

" nations of'syllable,or letterféOding (remembering) and syllehie or letter
reporting weretinveStigated, In addltlon anotherhaspect of response mode
was investigated, whether or not the report was made orally or in a written
menner. The p0531b111ty that the nece531ty for produ01ng a letter by

v

letter response when writing may attenuate word versus non-word dlfferences

\

led us to include this manlpulatlon.

ERIC
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. METHOD

: Subjects

i
'

Thirty subjects enrolled in a freshman psychology course participated>
¢ . . ’ - . . .

) [ ’
in ‘this experiment in partial fulfillment of the course requirement,

Materials
The stimuli were.generatedlby a computer program.which selected letters
from a pool of eight consonants; B, D, G, J, N, P, T and V; and four vowels;

A, E, I, and 0. All'trigrams, cve and'non—CVC‘were generated'three to a

Tow such that in anyAgivep Eow no'tuo letters:were repeated, In generating

rows of trigrams for the noanVC condition sfx types of non—CVés were

fornulated: (1) CCV, cev, cov;- (2) vee, vee; vec; ,(3)"ccv,‘vcc, cev;

:(45 ccv, cev, VCC (5) vcec, vee, cev;  (6) ¢ VdC CCV~JVCC Forty cards -

‘each composed of n1ne CVCs and-. forty cards composed of nine non-CVGs were
‘then constructed for:mse.as stimuli.,

:I All stlmulus cards were c0nstructed such that no‘letters were repeated
tn any given row and no glven letter was placed adJacent to itself in any
glven column, Of those forty cards constructed for the non~CVC condition,
20 were selecred to have a row of type 1 and 20 a row(of type 2. Of the
20 cards having a row of type l 10 had a row of type 3 and 10 a row from

'ﬁtype 4, The final row was selected randomly without replacement from E1ther
typé 5 or type 6. Thls‘selectlon procedure was repeated for those 20 stlm-
ulus cards which. contalned a row from- type 2, ‘That 1s, lO hav;ng a row ‘
from type 5 and 10 from type 6. The flnal Tow for th1s group of stimuli’
belng selectnd from e1ther type 3 or 4. - Each card was thenvconstructed
to allow each type to appear‘in*each ToW positlon. |

7
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Procedure
"Edch of the thirty Ss was assigned to cne of five experimental con-
ditions differing with respect to‘a‘combination or?coding and response

4 ‘
ins}ructions., The five conditions were: (1) Code Syllable, Oral Syllable
(CS,.OS); (2) Code Letter,_Oral‘Syllable (CL, 0S8); (3) Code Letter,
Oral Letcer (CL, OL); (4) Code Syllable, Written Letter (CS, WL) and
(5) Code Letter, Written Letter.(pL, WL). 'Each subject assigned to a
condition received the'appropriate instructional set and was run through
a serles of 80 trials,

_ Coding instructions requested that each subject "try to renemhér”
each trigram as either a syllable (code syllable)‘or as a group of three
indinldual letters (code'letter).‘ The reporting~instructions»simply
requested that 'S, orally report by syllable (oral syllable) or letter by

A

letter (oral letter) or write what he had seen, necessarlly a letter

,(written letter) rather.than a syllable condition,

The presentation of stimuli was arranged such that 10 randomly
selected CVCs and 10 randomly selected‘non-CVCs were presented tachis-
toscopically at 6 sec, 800 msec, lOO msec and ld msec in,that order,w -
acconnting for all 80 stimulus cards. Ihefsets of ten stimulus cards were

also counterbalanced (e. g., AB, BA, BA AB) ‘the order being reversed for

each subject, Followrng completlon of the elghty trials the cards were

shuffled and reorganized according to'the scheme described. All oral

responses were recorded on tape as well as on response sheets from which

they were scored.

 Experimental Design

The design of the experlment was essentlally an 1ncomplete factorlal

L w1th two levels of. coding and three levels of reSponse mode. (The two levels

: . 1
o . i
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of coding, by syllable or by letter, were combined with the three levels
of response mode, oral syllable, oral letter and written letter (the
response mode possibility of written syllables made no sense). One of the
: ) ,
six’possible combinations-of this_?‘x 3 design;\eode letter, oral syllable,
was omitted. We felt that while it might be reasonabi: to ask a subject

. to remember a syllable and'then essentially spell it ¢ t, it would be

much less reasonable to ask him to try to remember let:ers, not syllables,

and then ask for syllables.

RESULTS

The effeets‘of word coding on short term memqry are seen in Figure
20. Here the meen number of letters recalled per stimulus card, of a
werd er non-wore type, are shown as a function of presentetion time.varietion.
) &he data are ver& similerfto those of experiment-seveny revealing superiority
of word like st1mu11 (CVCs) to non-word 11ke st1mu11 (non CVCs) at all
(evee the very shortest) presentation times. This effect was highly reii-
able (F = 198.8, df = 1,175; p < .001). The increasing super10r1ty of the
CVC condition as a functlon of increasing presentation time which appeared
in experiment six but did not reach statistical significance, also appears
in this egperiment as shown by the streng interaction of time by word
condition (F = 73; df = 3,175; p < .OOl).

The group effects whlch represent the effectlveness of instruction to
' code and/or - report dlfferently are 11iustrated in the bar.graph of Figure
21 and are shown as a function.of preSentation time in Figure§22. The
significance of the differences Been.in these figures was tested Qy means
of a set of orthogonal\comparisonsﬁbased upog'the following logic:

1. 1f the»reperting modev(outbdt) was of import then oral conditions //

/

should differ from ﬁritten conditions and so one‘of the“comparisons was
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Figure 20

Performance under CVC and non~CVC

conditions at varying presentation times.
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Figure 21

Performance under combinations

of coding and report conditioms.
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Figure 22

Performance under combinatiohs of
coding and report conditions at varying

presentation :times

A: code syllable, oral letfer
,B:”/é6de letter; ;fal4lettgr

C: code syllable, oral syllable
D: code syllable, written letter

E: code letter, written letter
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_between groups CS, OL + CS, 0S + CL, OL versus CS, WL + CL, WL.
2. if repofting letters differed from reporting syllables then
group CS5, OL should differ from group CS, 0S and this was the second

4
comparison.

3. The third comparisoﬁ dealt with the effectiveness of instruction
on input. If coding was effective then theksyllable coding CS, OL + CS,
0S should be better than CL, OL. This comparison involved coding vefsus
non-coding‘of input within oral report'conditions.-

4, The fourth comparisop was of coding versus non-coding of input
under written report conditions aed invoived the groups cs; WL versus
CL, WL.

0f the obove comparisons only the one comparing coding of input uander
oral report conditions reached statistieel significance (F + 4.53; df =

_ 1,25; p < .05). The coding instructiops under written report conditions
comparison fell between the .05 and .iO levels‘(F = 3.46; df = 1,25;

;p < .10). "The report conditions oveéall did not seem to make much difference
aed produced small fs.* However whether one reported orally by sylleble or
orally by letter did seem to‘makevavdifference depending upon the type‘of
material, The aifference ﬁas large when dealing with CVCs but minimal” .
with nenJCVCs. This difference’was substantieted by an interaction F .

. of 4.%; (efu=_l,l75; p < .05, Aéein since the differenee between CVCs

ehd nen CVCs increased wieh time this reporting material-interectiqn:also

increased with time and a Bigﬁificant three way interactionawas found:

(F = 8.98; &f = 1,175; p < .00l) as well as a two way }nteraction~between

" time ana Cs, 0S versus CS, OL (FA= 2;87; &f =:3,175;‘p-< .05).

| 'Althoqgh an‘ovefellleffect of coding instrection Wwas feund, this

i

effect did interact with type of material. The differenee,between;syllable

\
1
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coding and letter coding for oral reporting was greeter for CVCs than

non-CVCs (F = 4.39; df = 1,125; p < .05).

¢ . » DISCUSSION

“The large difference between performance with non-CVC material

represents a‘strong reaffirmation of the operation of coding in short

term memory demonstrated in experiment seven. ‘The fact that the coding

involved in remembering word like material may have some similarity to

the type of code used in experlment six and other studles (Klelnberg &

Kaufman, 1971 Lamb and Kaufman, 1966) is demonstrated by the interaction

of presentation time snd relative .case of remembering words and non;

words. The longer the presentation time the greater the superiority with

cve material. .This<difference makes a great deal of‘sense when considered

in light of the nypothesis that coding takes time. However, the fact

that word coding differs from the type of explicit coding previously

.discussed is evidenced by.the'fact that word-non word differences are

~ found at presentation times as fast as ten milliseconds. The exolicit

octal code usad in experiment six was not effectlve at such brlef exposures.
In addition to pointing to the effectiveness of word coding in‘short

term memory, this study has demonstrated‘what we nere dnable tokdetermine

in experiment six, that rs that coding in short term memory is to some

extent under the subiect's control and may be manipulated by instruction.
. ject's contr y P y in

Instructions to code by sylrable provided more effective performance than
did instructions to code by letter. While this difference;was somewhat
affccted by type of‘material used (word or non-word) it did favor syllable
coding in both bases, The part1a1 control of this coding process also
speaks to the explicit nature of the word code, It is not Just a Gestalt
,11ke perceptual code whlch is 1mmune to control but can in part at least

be turned on and off by the subject;
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The response mode effects also shed some light upon the nature of the
word code. Oral syllable reporting is more effective than is letter

reporting when word like material is recalled.
4

This finding speaks to a
pronounciasility effect in coding. When ﬁaterial is prounounceable iﬁ
unit form, producing the fespbnse in that>fashion is superior to producipg
it letter by letter. That this is a syllable effect and not an effect

of coding-response mode compatibility is evidenced by the fact that the
code letter-oral letter group is not better than the code syllable-oral

letﬁer group, but the code syllable-oral syllable is better than the

‘code syllable-oral letter,

A
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CONCLUSIONS

The experiments described in this report have provided information
about! many facets of the perceptual responding of retarded children, normal
children aad normal adults. 4lthough a reading of the discussion section
of each individual experiment provides a more compreﬁensive picture, this
seétioh summarizes our conclusions under four majér categories: identi-
fication cagacity, effects of dimensionality, paradigm comparisons, and

memory effects.

Identification capacity
It is clear from our data that retérded children do not identify
simple sgimuli as well as do normals. This deficit is'found‘ﬁith‘stimUIi
which vary unidimensionally and multidimensionally.
However, the deficit seems to occur at all levels of stimulus infor-
Umétion and aoés not necessarily reflect channel capacity differences;
That is, information is not transmitted equally well by retardates and - I
Aormals at low levels-of input with retardates reaching asymptote at
a lower level than normalgl Performance of our retarded children was
inferior to normal performance at ali points. Interestingly, this

deficit was found to hold for both CA anc MA controléx The finding

of both an MA and an IQ correlate of the idgntificatioﬁ deficit was
somewhat sUrpEising. In adaitioﬁ a developmental correlate of identifi-
‘cation ébglity was found, with sixth graders outperforming first g:aéers
and céllege'students providing the highest levels of information trans-
mission, |
The mechanisms uhdérlying the retardate idéntification deficit are
‘Still unknown‘to us; vMe ory differeﬁcés seem to play a role as the

Adelay effects to be pfeseﬁtly discussed indicate. 1In addition, retardates

[
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'éeem to be more susceptible to context effects, that is the effect of
pfece¢mg ¢~ als upon the preszent response. These context effects appear
more‘§trongly as task demands increase. Whether the context effects
stéﬁ‘f;om a3 generalized stfategy of our rgtgrded subjects (the kind of
”distra&tability" custqmarily dttributed to retardates) or a specific
strategy ﬁssociated with our particular identification procedure is

as yet undetermined. What ‘e do know is that identification performance
can be dramatically improved by gradual training techniquesl By shifting
from a less perceptually aeménding discrimination task to o?r iéentifif
cation task we were able to get perfect information transmigsion from "
our retarded subjects at stimulus information level§ much higher than
those fof which we got relatively poor tranémission when we used an

identification procedure alone.

Dimensionality effects.,

The effects of redundancy or additional dimensions of variation
upon identification were consistent and expected. In general, the

greater the number of dimensions along which the stimulus to be identi-
fied varied tHéﬁbetter the performance by retardates, normal children
I . .
p t/ : - ) - - = 3 3
and college students. While there were interactions of dimensionality

with intellectual and developmental factors, they were not entirely
consistent. It did seem to be the case that retardates benefited more

from the addition of redundant informatien than did normals., Their

performanc? with bidimensional stimuli in experiment one was better than

s

. el g - . . . .
their performance with unidimensionally varying stimuli, a relative

difference whigh exceeded theicomparable normal control difference. Again

in experiment twothe retardates performance on tridimensional stimuli was,_
’ : - A} .
superior to either umi- or bidimensional stimuli, although the normal
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control bidimensional and tridimensional performance did not signifi-
cantly differ, The college students in experiment four however did
perform better ‘on the tridimenSional as opposed to the bidimenSional

‘-
condition; .

The information transmitted for unidimenSional stimuli was fairly,

consistant ‘across a wide variety of stimulus dimenSion if we assume

" that our upper levels of stimulus information were close to channel -

@

. capacity, and in light of previous findings and our own data this assump-

tion seems reasonable. While this regularity across type of dimensions

-was found, the developmental and intellectual differences mentioned earlier

'
o

‘) were also to be found.' That is, identification capacity did not vary

‘\

too much as a function of the particular type of Single stimulus
dimension, but-'did vary with respect to CA, MA and Ia.

Interesting effects of type of dimensional combination were dis-

¥

.covered. In a Situation involVing three*dimensions, two of which were

part of ‘the figure and one the ground bidimensional combinations of

the\figure dimenSionsproved eaSier to:dentify than did bidimenSional
/ .

figure-gronﬁdfcombinations; This'effect is somewhat‘intuitiveﬁand fits

nicely Wlth ideas about the integrality of certain stimulus’combinations
(Eockhead 1966) What we found surprising were the effects of the A
different bidimensional combinations looked at in experiment five. ‘n

our bidimenSional combination condition in other experiments (experiment

s 2, 3 and 4) we had used the perfectly correlated redundant combination

-

in which the first value on one. dimension was paired With the first

u.value on the second dimenSion’ the second With the second the third 8

“4w1th the third and so on, We felt that this type of combination (the

diagonal ) provided one. of the best conditiono for distinctiveness. We

3




-109-

were greatly surprised to f1nd that the totally orthogonal comblnatlon
_of experlment five proved to be even more dlstlnctlve. The saw- tooth
combination wh1ch had been investigated in other experlments and had

[

been found to be equal to or better than the dlagonal wag found to be

so in our study but it too failed to equal.the independent uncorrelated

condition.,

“Paradigm comparisons,

&

The conventlonal 1dent1f1catlon paradlgm is often called the absolute

3

judgment task, one in whlch the subject is asked to supply a partlcular
A -

" label for .a particular stimulus., " In order to circumvent the problems
ﬁof verbal deficiencies in our retarded~ch11dren we used a recognltlon
or delayed match to-sampre paradign for our 1dent1f1catlon studies. We
yfouna that not,only d1d thls"technlque overcomefverbal.communication

problems, but it probably acted as an ald to memory for the pool of

st1mu11 which must be consldered’ -0f the types of identification paradigms
investigated with college student.subjects, the absolute judgment'task
which provided no memory aid and put great demands upon memory was the
most d1ff1cult while the discrimination task; a situation which put no

demands upon memory, was -by far the easiest. The other paradlgms (matrlx

, : " after and matrlx before) fell between. these two, dependlng agaln upon

the demands placed upon the subJects memory. " The 1mportance of the

' partlcular paradlgm employed was. emphaslzed by the outcome of experlment
five, in which retarded children were gradually shifted from the easier
dlscrlmlnagéon task to the more dlfflcult match-to-sample. In our first

" experiment retardate information transmission was so poor, even at levels
of~stimulus information as 'low d4s one bit that no statement about :

Tm

channel canacity or as ymptotic level could clearly be made. Howsver,

RO A FuiiText provided by eric [
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by first providing ciscrimination training and then shifting to the’
match-to-sample technique, performance waslperfect at better than two

~

bits of stimulus information and problems with estimating channel
capdcity arose from the very high rather than the very low performance

levelsl!

Memory. Effects

The- importance of memory in identification illustrated by . our

‘paradigm comparisons is further emphasized by the effects of delay upon

matchéto-sample performance. Both retarded and _normal ch11dren suffer

3
s

degraded performance as delay between the stlmulus and the response’ matrix

is increased. This detremental effect of increased memory demand seemed

to occur more seriously with retardates in our first experiment, but
[ . . . .
affected retardates  and normals equally in experiment two,

A slightly different'approach to memory was taken in experiments <

o B

.Six, seven and eight. The effects of coding upon short term memory

v

were investigated and the following general conclusions may. be drawn:

c 1 . . : o
1. = Explicit coding in the form of an -octal code was . not demon-

v

',strated to be effective at very short stlmulus presentatlon tlmes, a

finding consistant w1th the hypothesis that cod1ng takes t1me.»

2. The coding involved in dlstlngulshlng a word from a non-word N

of equal number of characters is effective at very short presentation

times,'a‘finding inconsistant with the‘hypothesis‘that coding takes/time

: ) . v : / . o
3.. Word coding is to some extent under the control of the subJect -

o .
Y

dlfferent in other respects from expllclt codes ‘like the octal code since

it does dramatxcally improve short term memory ‘at ééen the Smallest-

' exposure time. : _ ‘ﬂ,‘ o N
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4. The mode of response (wrltten oy/oral) makes little dlfference

in performance of a short term memory task for tplgrams but w

hether
the trlgrams must be reported by lettéé or syllable is 1mportant for
' a , ‘
moré ~word- -like trlgrams. / ‘ //
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